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AR ETNE

[SNS——

Fach year, of many new engineers and tech-
nical asnistunts entering the clestronics field,
some will be involved with the application and de-
wign ol 1=l wansformers and coila, This manual on
“Denign Methods for High Frequency Transformers'*
in directed in particular to these newcomers and to
thone wlrcudy engaged in electtonica who are cone
frontedd with the many complex preblems relating to
e-f iiductors. It comprises un atiempt to bring under
one cover, to as great a degree as possible, some
nimple explanations of the hanic fundamentals of
coil denign and construction.

Litereture ~ontainn many apalytical articlen on
vorious  specialized phanew of this utt but thene
exint us unrelated effortn and wre difficult to quickly
lacate and utilize when a problemis presented. It in
\ie consuming und confuning tor each cngineer to
individually conduct the literary research necennary
{0 extablish the threshold to thia specialized branch
of electronics design. Years of apprenticeship ure
lten required to establinh u mature level of prac-
tical and academic **know-how’’.

Inductive components are unique among the
many lamilies of electronic parts. Whereas resistora,
cupucitors, switches, et wre available as standurd
wock  parts having entublivhed characteristics,
the awdio, power, pulse, r=f and i-f transformers und
other wpecialized coils uwed in electronic equip-
ment invariubly must be designed for a specific upe
plication.

Realizing thin, the Wright Air Developmeot
(enter, Rright Patterson Air Force Base, proponed
the preparation of atreatine on high frcquency trans-
formers. This was iwplemented through the Signal
Corps Engineering Luburatories on Contract No.
1)A-36-039-SC-52079 which has resulted in thin
manual.

‘:’
¢
!
‘i
j

Since World Rar 11 conwideruble attention han
been givento the devalopment and refinement of the
rechniques of design of audio, power and pulxe
trannformers. As a cesult, a wealth of ighte wmple in
ward, practical design inlormation is wvailable. In
contrant, the r=f coil dewign field hus had no con-
contrated effort aimed wpecifically at celuting the
highly analytical teat-book approuches to the prace
tical problem of building a cail or transformer.An &
remult, the deaign of radio frequency coils is atill
pructiced more as an urt than as a science. Many
formal text books are excellent in their scientific
treatment of the subject but the designer needs, ia

Mition, the experi of those long established i industry by “‘rade names"* rather than by their
in the urt in order to tranaluie into & practical de=  technical o chemical designation. These terms
aign the scientific principles presented. have, in some instancen, been used in this munual.

Many vendors und their products are mentiuned
directly for purposes of illustration.There han been
o attempt to completely survey the field. Thin does
ot imply an endorsement of preference of a partic
cular product by cither the goverament of the con-
tractor.

e exp and “*know-how'" previ
only available through unsuciation or years of exe
perience ore prescnted herein by chart and exe
densed form. A complete discusnion of
cach element of u cnil or transformer such an wire,
whield, magnetic mutcrials, etc., is included along
with & section devoted to Theory and Denign. This
rection outlines new nppronches which are recom=
mended to the engineer who has had liwtle, if any,
experience in the denign of ~f coils.

=

Certain pioducts wrz more commonly known

iv

G e 6 S S T R 8 o e A A ST
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Many people have contributed in one way or
another ta thin manual. It would be imponsible to
ucknowledge each of thewe contributionn, Acknow-
ledgmentn 1o apecinlists who have contributed to
specilic chuptern have been included ut the end of
those chupters. Special recognition in given to Mr.
Czorge C. Suiklwi of the R.C Laboratorien,
Princeton, New Jeraey, for hia advice and

nicnl  wuggestions. Thunks ure also due to the
BBoonton Molding Company, the Inatitute of Hadio
Engineern, Inc., und the McGraw-Hill Hook Company,
Inc., for purminsion to reproduce vurious charts and

reluting to the wection on Theory and Denign. He-
cognition is ulno given to Messra. S. Danko and
D. Elders of tha Signal Corps Engineering labora-
tories and Mewara. G. Tarrezts and . Crockett
of the Wright Air Development Center. A Lnowledg-
ment is also made purticularly to Philip J. Reich
for his valuable editorial commeat and to other
members of the Automati f ing Ci i

and F. W. Sickles Division of General luatrument
Corporation Fngineering Dep for their tech-

other inf inn az noted th L the manual.

Fven though the manuscript has been reviewed
with painstaking care it is recognized that some
errora may appear. If any should be found the authors
sincerely hope you will call them ta their attention
8o that subsequent printings may be corrccted.

AUTOMATIC MANUFACTURING CORPORATION
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INTRODUCTION

The engineer confrunted with the design of mils
itary rf inductive components must he fumiline with
the rigorous environmentul conditions imponed by
military service and with the very practical and
unique desigon often employed in civilinn compo-
nents which ure reapounible for economical
prodduction. With thin knowledge of military requires
ments und commercinl peactices, he can develop
peactical, economical und mutinfactory desigrn nuits
able for military servica,

The various sectionn of Purt | contain dine
cussions on the materials of construction peculir
to r-f inductive compunenta, Subjects coverad ine
clude conductors, shieldn, magnetic core materiale,
elactronic hardware, ceramics, plastica, Impregs
nnting materiala(waxes, varnishes, etc.), tapes and
{ilm insulations, and linixhes. It is the purpons of
Part 1 to fully acquaint the user with all of the
ctitical elements that are uned in r-f trunnforier
construction.

1OAN DOCUMENT

Supporting duta, which-is graphical in many
casen, in included to unnist in the selection of the
proper materialn foe o given applicution. The prac-
tical aspectn, including suggestions for peeparing
parts apecificativan for procurement along wil
entablinhed commercial toleruncen, ure fully cove
ceed. It in recommended that Part T of this manualbe
curelully studied to provide a working buckground
for the Denign Theory presented in Part i,

It munt be remwmbered that the rof coil design
art is a fust changing one and that design practices
and materinln unedd to-day may be superneded by
newer developments tomorrow. It is wuggented that
the coil dealgner heep abreast of ull new devel-
opments through the medium of literature wuch as
technical articlew, vendors® catalogues und duta
books. Thin ducumented source of information
whould be wupplemented by frequent contuct with
nupplicis and manulacturers and with other devel-
opment groups where exchanges of tecinical in-
formation will provide an up-to-date denign back-
ground.

This document is being forwarded on a loan

basis. Please return to ASTIA as soon as

the need for it has expired.

i b e BT N

CONDUCTORS

Section |

CONDUCTORS

GENERAL

As a genseal rule, coils are wound of insuluted
copper conductors commonly known us magnet
wire. Because of its ductility, copper may be drawn
through dies into the form of rodw nud ‘or filumerts
of a size in conformance with specification JAN-R-
583 (similar to that provided by the National Elec-
trical Manufucturers’ Associution (\I'MA),  After
being drawn, the wire is unnealed to give it elon-
gation properties suitable for winding into coils.

Sie is most often expressed in Americun Wire
Gauge (ARG} numbers. These numbers ure so ar
ranged that u Jurger number denoten u smaller wire
with each gauge oumber upproximating the suce
ceasive stepn in the wire drawing and every sixth
smaller number repreenting u wire with u doubled
diameter. Ia the clectronica industry, the range of
sizes usually fulls between No. 14 with a diameter
of 0.0641 inch and No. 4% with a diameter of
0,0020 inch, Speciul upplications muy iavolve wire
as small us No, 50 with a diumeter of only 0.0010
inch. (A complete coy, er wire tuble appems iu the
Appendix of this munual.)

In a few bighly wpecialized canen, conductors
of aluminum, silver, or resistance metals ure em-
ployed. Limited use, particulurly in the higher
frequencien, in found for conductors which are in
the form of ribbon. Silver plated copper is also
used in many high frequency applications because
of ita lower resistance. Electro-deposited metals
—commonly copper or silver—ure ulwo becoming ime
portant as coil conductorn, particulurly in printed
circuit upplicutious,

Bure copper wire is rurely used in electronics
beceuse of the danger of shorted turnw und also be-
cuyge of the fuct that uoprotected copper very
quickly acquires an oxide couting which mukes it
difficult to wolder., Where un uninauluted wire is
specified, the choice is invariubly copper which
bas beea run through a bot tin bath, thereby pro-
ducing what Is called tinned copper wire,

FILM INSULATED WIRES

losulations upplicd to bare copper wire are of
two busic types. The mont conmon are insclations
of the “film" type such un enamel, Formex® (poty~
vinvlformal), nylon, und other specialized insulas
tianw, Insulations of thix general type are charact-
erized by high die ¢ strength and will be found
th posxess various degrees of abrasion and solvent
resintance.

ENAMEL

The most common film insulation is pluin
enumel which consists of un olcoresinous varnish,
The film is applied in multiple coats by ruaning
the wire ut controlled speeds through u varnish of
low viscosity followed by buking in u continuous
oven. Fnamel is commonly applied in vertical
couting machines without the une of dies, ulthough
some muaufucturers do use dies when enumcling
the lurger sizes. Electricully, this is one of the
better film insulutions, b ing good diel
strength, bhardness, adbesion to the copper, and
film flexibility. In addition, coumel films are re-
sistunt to most acids and alkulics und have re.
markuble moisture resistance, When thoroughly
cured, they ure but slightly uffected by varnish
nolvents of the petrolcum types or by acutral min-
erul oil. Lack of abrasion resistunce is the most
scrious defect since it greatly limits the wpplica-
tions in which enameled wire muy be used withe
out an udditional p i ting Iy a tex-
tile acrving, When served wires ure used, it is the
enamel which provides the moisture reaistance and
the diclectric strength, while the textile serving
protects the enamel film and spucen udjucent turns
of the windiag,

VINYL ACETAL

Oae of the most populur filn inmulations in cur
rent un~ in the polyvinylforna! film old under the

'
Manulactired by General Elsctric Company.

ATTACEMENT NO. 7

g M ) S

T
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trude gumen of *‘Formex” or “Fommvar'! — terms
which will be uned interchungeubly throughout the
bulance of this diacumsion. The vamish' which
forms thin film in based on the mynthetic orgunic
resin, vinyl ucetute, und ulso contuinn u phenolic
renin which merves as u beat stubilizing und bard-
ening agent, Thin varnish in upplicd dircctly to
the copper from u solvent solution, uxually in hor-
izontul couting muchinen. Speciul dies limit the
amount of vamish which remains on the wire, and
the addition of multiple cowisinnuren an extremely
uniform build-up of the insulating film.

Formex wirc is mude in four yraden—single,
beavy, triple, nnd quudruple. Compared to enumel
wire of the oleoresinous type, Fommex bus mnch
greuter resistance to abramion, exceptionul film
Hlexibility, and far better wolvent resimtunce. In
the opinion of muny engineers, its electrical char-
atertistics ure mot quite ao good, pusticularly at
temperuturen in the vicinity of 75 C, but the alight
loan in Q when coils are wound with Fomex coat-
cd wires in more than offset by the improvement in
abrasion and solvent resistance and by the lowered
teadency to crack wken bent uronnd wmall diame-
ters.

One peoperty of polyvinyl acetal filmn is come
monly koown as solvent crazing und in of special
significance In the case of coilw which ure to be
vamish impregouted. Solvent craiing takew pluce
when Formex coated wires iu which the insulatiog
film is under strain—usually aw the result of bend-
ing—are pluced in @ solvent which wets the sur
face of the film. Under these conditions, what
seem to be minute cracks uppewr in the Formex
film. Actuully, there is some question as to
whether thewo murks are crucks in the coovention-
al senme, since they do not penctrate through the
film to the copper conductor, Tents, however, do
indicute thet the dielectric strength of salvent-
cruzed Formex is substantinlly lowered, und it is
therclore recommead that coils wound ‘with For-
mex be unncaled prior to the wpplication of uny
varnish or similar treatment material,

Annealing consiste simply of beuting the coils
before application of any westment material for «
period of time vurying from five minutes at 105 €
to one hour ut 80 C. Oace cracks due to crazitg
beve occurred, it is somewhat more difficult to
beul them, und u cycle of onc hulf bour ut 150 C is
"8upplied by Nelden Manufactiring Company, Chicayo, Iilino
Hudeon Wire Congpany, Wineted Division, Winsted, Connecticut:
Pheips-Dodes  Copper Products Corpiestion, Fort Wayne,
Indisna; Warren Wire Compeny, Pownal, Vermont; Wheeler

Intulated Wise Compeny, WeterSuy, Connecticuti and many
hare.

-2

wenerally uccepted us being required, Exbuuntive
teatw seem to indicate thut no attention need be
given ta wolvent crazing in thone instances where
the varninh treatment receiven a buking cycle of ut
Jeant two hours at 125 C.

1a mointure resistance, acld and ulkali rcsine
taace, und in diclectric mtrength, Formvar come
paren favorably with enamel, but its improved s
branion resistunce accountn for its great populurity
throughout the eiectrical induntry,

It in this same high ubrasion resistance, coupl-
ed with its good adhercnce to copper, that hus
brought wbout one of the mujor problems fucing the
electronics industry toduy~the removal of Formex
film from fine wire. In the lurger mizes—which in
the electronies industry meuns No. 30 or lurger-
thin in less of u problem, nince, if the wire is
pusned quickly through w small gas or alcohol
flume, the insulation may then be cusily removed
by rotating wire or glasa filament brushes, emery
paper, o others means. Tho lurger sizes, partic
ulusly No, 25 und lurger, may ke cleancd by dip-
ping the wires in u solder pot filled with 50,50
wolder und operating at ¢ temparature of not lesw
than 500 C. This method hus the udded advantage
of providing a freshly tinned nurfuce on the clean-
ed copper, muking subsequent woldering operutions
much eusier. The real difficulty in removicg Form-
var comes in the smaller aj2es such as No, 38,
No. 39, und No. 10, all of which arc commonly
uned in bigh frequency tranuformers. Many methods
bave been evolved, ranging from uctuul chemical
attack 1o the use of glass filament and wire brush-
o, Opponition to the use of chemiculs is great be-
caune of the fear thut some ionizuble material will
bo left on the wire surfuce following the cleuning
process, Should this occur, it weuld coustitute an
invitation to corrosion und eclectrolysis. (Sce Sec-
tion @ for more detailed discunsion of electrolytic
w.rvonion,) Of those methods of removing Formex

ch are currently in effect, the one which seems
sufest und best but is by no mcuns foolproof, in-
volven the use of rotating brushes, preferably of
the gluan filument type. The wide acceptance of
Formex und Formvar by the electronics industry is
lurgely due to their toughnenw, remistance to mols-
turo uad molvents, und the fuct thut, properly ime
pregoated, they can be uned continuously at temp-
craturcs as high as 125 C. Thene und other recog-
nited prop of vinyl ucetul innuluted wire ue-
count for its choice na the ntundurd of comparison
for tho temp flicient atudies performed
in support of this manuul,

“"SULDERABLE" INSULATIONS

Because of the nerious difficultien encountered
in removing Fomex from the copper wnl aluo be-
cause pluin enumel {teelf is somewhat difficult to
remove, a need developed within the industiy for a
so-called *‘nolderable’ wire. In annwer, o number
of formulations huve wppeared on the marhet, range
ing from npplicationn of cellulose acetate lacquer
to extruded nylon cantings and aylon vamish film.
Unfortunately, nolderable wire insulutlonw nie gens
erally lacking in wbrasion resintunce and in tem-
perature stubility, wnd their une in recommended
only for single luyer windings or for npplicutions
where performance in sccondary to comty Aw muy
be expected, thone coutings mude up af cellulose
lacquer formulationn ure low in solvent tenintance,
and particulur care must be tuken in treuting these
wires to avoid dianolving the film inmulution, A
vast amouct of rencarch is under way on woldernble
film insulwtion, and the design enpnerr will do
well to keep 1n clone contact with the mngnet wire
manufacturers an Indications are that motlufuctory,
easily solderable innulaticns will sova wppenr on
the market. A list of some of the currcatly avail-
able solderable magnet wires and thelr manufactur
ers appears ir Fig, 1-1.

Fig. 1-1 TYPICAL SOLDERA

(Film Insu

CONDUCTORS

the une of inorgnnic ceramic coutings and by the
use of orgmnic muteriuls nuch us Teflon and Sili-
cone,

Ceramic coatings by Nemuelven have not been
entirely satinfuctory, eape :ially on flae wire. Rben
conbined with muterials such as Teflon,” magaet
wirea capuble of centinuous operation i tempera-
tures in excenn of 200 C have been nuccensfully
produced. Teflon (known chemically na polytetra-
flucrocthylene) is charucterized by exceptionally
bigh chemical resiatunce und by an ability to oper
ate over wide temperature rangem. lta electrical
characterintivs are good, particularly at higher
frequencien, and ite moisture realatunce s excep-
tionully bigh. Bhen Teflon is used by itaclf ia
coating mugnet wire, the reaulting wire iw wo smooth
and slippery thot ita use ir winding coils of the
universal type often prewents rather werioun prob-
Jems. When upplied directly over ceramic insular
tious, the murface is less amooth, making winding
somewhut enmier.

Enamel coutings based on silicones are pros-
ently becoming available. ded by their
manufacturers® for use at temperatures up to 180 C,
these wircs are 8o new that it is difficult at this
time to usuens their true value tothe Industry, In-

BLE MAGNLT WIRES
lated Type)

Trade Name

\anufacturer®

Celanamel

Belden Manufavtaring Company

Dipol Rheeler Tnnulated Rice Company

k2 Sol Huduon Wire Compuny, Binsted Diviaion

Nylon Fuamel Rea

Magnet Wire Company

Nylanel Rurren Kire Compay

Sodereze Phel,

Nylon Varnish

*Addresacy may be found at the end of this section.

HIGH TEMPLRATURE INSULATIONS

The growing demand among users of electrnic
equipment for cotlm capable of withstanding much
higher operating trmperntures aas ronulted in the
sppeerance of a number of new film insulaticns.
This problem has beew vit=cked in two ways: by

N
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po-Dodge Copper Products Corporation

£uaex Bire Corporation

formation available at this writing would seem to
indicate that a very satisfactory high temperature
film insulation will shoitly be on the market {a the
form of silicone enamels,

*Hitemp Wirea, Inc.. 16 Windace Avenus, Minsola, New Yorks
Hudeon Wire Compeny. Wineted Division,
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SPECIAL PURPUSE INSULATIONS beat or solvent action, softens suffictently to Eeh

N latl ilabl mit the turan of a winding to bond one to unother.
und ure includ::lhle; l"h‘:‘temyualurg c::lﬁclen; re.  Wires insulated with ulterate films of viny] acetal
wilta shown i Fig. 1.2, Many of theae insulaticas 404 27100" ulwo typily attempte of the wire induriry

LITZ WIRE STUDY
Q AND, OD.
3 N, an N

CAM 735 FORM 72 0.0.X g 1.D.X 2"LONG
i . INDUCTANCE 1.725MH 3 % TEST FREQ. 455 K
EFFECT OF WIRE INSULATIONS UFON TEMPERATURE i NO IMPREGNATION ¢

COEFFICIENT OF UNIVERSAL COILS NOTE:ALL WIRE SINGLE SILK ENAMEL EXCEPT

39 WIRES " ] 544 BWG.(APPROXIMATELY EQUAL TO Y30 AWG)

CERAMIC FORM %' 00, x 3/8' 1D.X 2" LONG *wmcn WAS SERVED WITH SINGLE RAYON.
OBUCTANCE 1275 MH £ 3% 37 EQUIVALENT IN CIRCULAR MILS TO Y44 AWG.
NO IMPREGNATION ALL VALUES ARE AVERAGES OF 5 COILS.

NOTE: PRIOR TO TEST ALL WINDINGS GIVEN 20
ALTERMATE 15 MINUTE EXPOSURES TO
-12 AND +85C
ALL VALUES ARE POSITIVE AND REPRESENT
’—“ AVERAGES OF €& COILS.

VZZ @ EFFECTIVE
Joo

2
o

DL

\w
NN

N\

Q EFFECTIVE

N\

o
(.'\"l

/

OUTSIDE DIAMETER IN INCHES
(4]
~
w
SN
NN

PPM/C° 85C (INDUCTANCE)

NN
N

olo|n|2]2|| 2 m|> ~||Qf e
¢ g Bk o T N !
z|zlzlzlz|ziz|2 l;i z

o
Fig. 1-2 Effect of wire insulations upon temp coefficient of universal coila,

were developed to fill @ particular need ds, for ex-  to combine the good pointa of two of their insula-
ample, those wires which are actually Formvar cov-  tions and, at the same time, supply their customers

WIRE SIiZE
ered with & thermoplastic material® which, uader with a move satisfactory product.

*pormbond ~ Acme Wue Company, New Haven, Conmesticut
Wondss — Eeses Wise Company, Port Weyne, Indiene Nylclad = Belden Menufactiring Company

Fig. 1-3 Effect of wire upon OD and Q of universal coils.
Wondsre — Phelpe-Dodge Copper Producte Carparstion Nylorra = Werren Wire Comrany

Lt b i i il K T
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Q AND RESISTANCE
VS
BROKEN STRANDS

WiRE ‘%3 SSE
cam g
GEARS CAM 66
SPINDLE 68
TURNS 800
FORM /' 0.0. BLKELITE XXX

-

00 150 100 50
Q EFFECTIVE [C1100wufd, F2135KC]

400 300 200 100 o
0.C. RESISTANCE IN OHMS

BROKEN

6 STRANDS

Fig, 1-4 Effect of broken strands upon Q and resistance of universal coils

LITZ WIRES

Atfrequencies up to 2000 ke, Litz wire is wides
Iy uned in coils where high Q is of primary inport-
ance. Litz wire conaista of u number of strands of
very small wire, each strand insulated from the
other, The insulation most commonly used iw ename
el, but Formex Litz is available on special order,
Most commonly, the strands of insulated wire nre
encloncd within a textile wrap, but Litz wire withe
out a textile serving and even without a means of
boading between strande ham been used. In general,
better results ure cbtuined with the use of textile
served Litz, However, it use greatly increnses the
wizo of the winding and is, therefere, impractical
for ainiature and submininture upplications, (See
Fig. 1:3)

CONDUCTORS

ere simply bunched, and any twist that they may
assume is the result of huving the textile wrep
piaced about them, Other manufacturers make their
Litz wire with n definite number of twista per foot,
usually somewhere betvicon 8 and 36,

Tables oppearing throughout this discussion
ahow the renulta of testx conductedon various tvpes
and sizes of Litz and solidwires andare intendedto
give an idea of the effect of these varioun wires
upon the electrical cheracteristics of universal
coils.

TEXTILE COVi.RED WIRES

General: The thickness of film insulation which
canbe placedon o wire is definitely limited, and bee
cause many upplications requice an appreciable

Fig. 1-% EFFECT ON Q OF NUMBER OF TWISTS
PER FOOT IN LITZ WIRE

Twists/ft. 54/106 Gears
Cam 1/4"
(5/44 SSK) Form OD = 1/2"
1100 turns

67/44 Gearn 51748 Genrn

Cam 3,32 Cam 1/16™

Form OD « 1/2" Form OD « 0,178"
300 turns 250 turns

Q L inmh

Q Linmh Loin mh

Commercial a9 19.75
Grade

Parallel 19.75
18 twist/ Tt 19.70

635 twist/ Tt 19.45

13 . 047

018
047
110 046

NOTE: OD's of separate ntrands measured over the enamel
30)

(Limits 0.00200 « 0,002

Commercial Grade Parallel

18T/ 65 T/

0.0022 0.0021
0.0021 0.0021
0.0022 0.0021
0.0022 0.0020
0.0021 0.002]

‘Throughout the years that Litz bas been used,
considerable disagreemont has been noted among
uscs as fo the relationslip the various strands
should bear with respect to one another. It is pos-
sibletobuy so-calledLita wire in which the wtrands

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

0.0020 0.0020
0.0021 0.0020
0.0020 0,0021
0.0020 0.0071
0.0020 0.0020

spacing between adjacent turns, a teatile serving
is frequently placed on the wire as & meaaw of ob-
tuining this spucing, The textile may be applied to
bare copper wire of 1o film insulated wire with the
latter being far more conmon siuce the teatile serv-
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lng itself ia oflittle uctual insulation vulue, Of the
various textile wervings which are applied to wire,
silk in probubly the best known und enjoys the wid-
st usc in the elnctronicn field, Other textilon uwed
for wire nerving ure nylon, orlon, and coluncse,

In cach cane, the toxtile is upplied to the wire
by a wrapping action. The effect is to eaclono the
conductor within u continuous spirul of teatile rib-
bon. These ribbonn wre mude up of u certain number
of “endn” or strandm, cuch of a given “‘denier’ or
mize. (The tenn denier iw borrowed from the silk in-
dumtry uadis u meanure of finenens of textile fibers
with u smuller number indicating u wmullor fiber).
Silk in availuble in much finer deniers than ure the
mynthetic fibers, 20 deofer silk is relutively com-
won, while 80 denier lu the finest orlon availuble
ut this writing, The une of more cads of fino denier
fibers results in better covernge anda mure fleaible
wrapping, therefore automatically giving silk an ad-
vantags over synthetic fibers in difficult windieg
applicationn. In the cane of double wrupped wires,
the second luyer in upplicd in a direction opposite
to the first—the idoa being to eliminato us com-
pletely as possible open spaces in the wrup,

Many problema nre connected with textilo morved
wires, not the leant of whichis a saiisfactory method
of measuring the outnide diameter (OD) of the nerv-
ed wire, Many methods have been wuggosted, but
the one most commonly vsed is dependent upon
bund micrometers, cloned to a point whore the wire
cun be drugged through the opening with a rocog:
gizable amount of rosistunce. The very meuns of
stuting this meibod of meusurement indicatos the
wmount of perwonul touch iavolved. Surpriningly
enough, thera is exvollent correlution among the
readinr - of experienced aperators oncetho neconne
ary okill kus been acquired.

Avother serious problem connected with the use
of textile—acrved wita concerns the varintionw in
« pusticulur wire an aupplied by different monufac-
turers. These differences are lurgely tho romult of
employing different ungles of lead und differcat o
mounts of tennion in introducing the textile ribbon
onto the surfuce of the conductor. A long ungle of
4 ad—that is with the textile more purullel to the
conductor—renulta in u *‘soft™ wire, ofton showing
a tendency for the textile to open up when the wire
Is bent. Becuune thin type of wire is woft, it s dif-
ficalt to use on @ narrow winding of large diumcter

siuce the zeaulting mechunical structure by wpringy
and subject to collupae,

ben the textile serving is applied ut noarly
right angles to the conductor, the resulting wire is

18

much Joaw floxible und, in general, prenents  hard:
et nurfuce when compared tothe more loonely wrap-
ped wire, Carrled to un extreme, thia type of wrap
can work-hurden the copper to a paint where the
wire bezomen 100 stiff and too urittle to wind with-
out breaking ly, no Jardn—milit
or civilino—include any reference te the way textile
servings nhull be upplicd to the wire othor thanto
give minimum and muximum builds und to include
references to skips and barberpoling. It follows,
therefore, that the product of one munufacturer may
be definitoly muperior to thut of another when used
in a opecific application. So greut wwy this differ
ence be thutit uctualiy may be necesnuryto change
the net-up of a winding machine when chunging from
the wire of one wupplier to thut of unother,

NYLON SERVING
1

The une of nylon-served wire muy i
introduce womo unusunl situations in winding.Nylon
tends to be wlippery and in addition in elustic to
the point where tension applied ta the winding
causes nylon to atretch in a fushion aimilar to &
rubber band, While this ie taking place, the copper
is being olongated (Specification JAN-H-583 re-
quires & mioinum elongation of 7.5 1o 35 por cent
depending upon insulution ead sizs), wad when the
winding In conpleted and the teanion reloused, the
uylou tenda to npring back, whereas the copper bas
taken a pormancnt set. The result ia a winding
which tends to “explode’~a term mote doncriptive
of the result thun of the act—particulurly when the
winding is of a high and namow type, When this
action occurs, the wire will stick out through the
textile wrap In & weries of loops. This phenomenon
does not occur In the case of milk—werved wires,
since the mlk fibers lack the elusticity of the
oylon.

URLON SERVING

Orlon, one of the newer synthetic fibers, is
slowly coming lnto use as a subatitute for nyloa.
In winding churacteriatics, orloa-aervad wire close-
ly resembles wilk except as noted below and is
slightly better thun aylon in its electrical charac-
teristics, A mujor trouble with orlon st this time
 lack of teanile strength in the fiber which often
allows the textile to break when golng through the
teasion devices und other guides londing the wire
onto the winding form. Once a method In developed
for overcoming this wenkness, it is likely that in-
terent will dovelop rupidly in celoa-served wires.

CELANESH SHRVING

Celanene like urlon, is low in cont compared to
other served wires, Alwo like orlon, celunese yarn
i low in tennile nteongth and in theeefore difficult
to windon conventional winding equipment, In many
instances, the high percentage of rejectn nt wind-
ing traceable to breaks in the cclunene yarn will
fur more than offaet the lower initicl cont of the
wire. An added feature of this type of wire in that
the nature of the nerving makes it posnible 1o wola-
er, withoutremoving the textile, provided, of conrne,
thut the serving wan applied over bare or wolder
able type wire,

Another point to be considered in the cawe of
celunese served wire in ita low resintanco to wol
veat attack. The yurn uned in wrapping this type
of magnet wire In w form of cellulose ncetate rayon
which, therefore, in readily uttacked by nearly all
common solventa, ‘Thin property of celuncwe-cover
ed wire requiren pacticular care in the aclection of
imy i und other baeq to
winding as well an in the selection of the cements
used to start and terninate the coils, The prencace
of ncetone in cither instance is un immediate invi-
tation to the dinintegrution of the textile—a con-
dition sometimen deliberutely introduced ana means
of producing a nelf-nupporting winding,

One feature cf wircs covered with celanese yarn
is emphavized I ['ig, 1.2 where it is whowa that no
other served wire will produce universal coile with
so high a degree of temperature stubility ue will
celanese-served wire. The reason for thin greater
stability is not immediately uppareat, but repeated
tents in every inmtance have shown similar remults.

In view of the obvious disadvuntages as well
us advantages to be found in the use of celuncse-
nerved wire, it fu rec ded that i

CONDUCTORS

noteus ''20-2C vision after correction with eye-
glaswes If necenmary”. ln actual practice it is
Ificult 10 purchuwe wires completely free from
*skips” or *burberpoling”~skipn being occasional
open wputw in the wrap, while burberpoling indi-
cutes  neeving applied in an open wpiral with the
conductor ¢learly vinible betweeu the turna, Ingen-
erul, barberpaling is recognized un u buwia for re-
jection of merved wires, although Instances are on
record whore thin type of wire haw been mpecified
for reanonn of npace and. 'or cost,
MOISTURE RESISTANCE OF 'ILE C RE
VIRES F TEXTILE COVERED
The une of teatile-served wire o plicates the
pro‘rh'u{cn neceanary to protect w winding against
moisture, wince regurdless of the type of treatmeat
used, the teatile fibers werve us u wick through
which moisture may travel to the interior of the
coil. Reference to Fig, 1«0 will show that ip all in-
stances, teatilecnceved wires exhibited lean resist-
unce to humidity thun did wires insulated oaly with
film coutingw,
CcosT

Cout-wine, tetile serving is anexpensive pro-
cedure. Inlig, 147 are shown comparative costs of
the various typrs of wires bused on prices in ef-
fect during October 1953, At first glance, it may
sppear thut the differcace in coat between plain
cnameled wire and wingle wilk enumeled wire is ex-
cewnive, but it must be conmidered that un average
s2rving machine required 23.9 hourn® 10 serve one
pound of No. 39 mingle milk enameled wire.

The period wince World Kur Il bus scen o sige
nificantdecline in the demand for textile-scrved
v.in‘-’. Thin stutement is not meast to imply that

of this type of nerving should come ouly altor cure-
ful weighing of the relutive merits of celanese wad
und othee availuble teatile wervings.

UNIFORMITY OF COVERAGE

The textile aerving whould be continuous over
the susfuce of the conductor. The upplicuble NEMA
» ard (NW21-1053 Section 5.2,2 ““Covernge of
Silk™") statew that *‘the wilk-covered wire whall be
wound wround the mandrel baving o diameter equal
to ten timew the diumeter of the bure wire under
nulficient tension to Inwure un even compact luyer.
After being so wound, the stk covering whall not
open sulliciently 1o rapone the bure wire on the
film or the film-conted wire when examined with
aormul vision.' Normal vision is defined in w foot-

wire 0o longer occupies a promizent

pluce in electronicn, but rather that increased em-

phasis on cont, @ definite swing toward mi

ized coil components, improvements ia windin,
bniques und equipment, and in film Ineul

bave, during these years, added to the atiractive-

oees of the non-textile served wires,

SELECTION OF WIKE

Selection of the proper wire for a particular coil
muz! be bused on several factors, including size of
the end product, lle operating frequency, Q, type
o(» winding, vperuting temperature, humidity re-
q stability requi s ime
pregnation, und coat. ln nearly every cane, some

.
'This fiawe cowteny The Wheelor Inaulated Wie Compang.

19

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

POOR

ORIGINAL

Part | MATERIALS OF CONSTRUCTION

compromise s necemnury, This Is cspoclully true
in the design of mininture and subminiuture coils
where upace limitutions muy demand the use of a
film-insuluted wire regurdless of ull othar fuctors.
An idea of the compurative size of equal induct-
unce windings made from various sorved and un-
scrved wires may b gained from Figs. 1-3 and 1-
12.

Fig. 1-6

upon the inwulution. Univaseul windings, on the
other hand, require a wire poswcuning good abras-
ion resintunce together with tha ubility to stand up
under the pressures resulting from the winding
procens und the coil structure, Thewe pressures
ure of conmiderable magnitude wt the points of
crosmover nince the natwe of u universul winding
requircu the wireto cross at regulur Intervals while

COMPARATIVE MOISTURE RESISTANCE OF
TEXTILE-SERVED AND FILM-INS

LATED WIRES

Wire Initianl Q

O Meanured 172 howr
after Wumidity?

Per cent of Q
Remaining

3/41 SSE
3/41 SSK.
3/41 SSK
3/41 SSK
6/42 HE
6/42 NF
6/42 Hi
6/42 WK

30
29
a0

NOTES:

JALL coilw treated with one coat of mynthetic baking varnish followed by one coet of wilicune baking

varnish,

106 per cent relutive humidity und 40 € for 200 bours.

Where npuce le not paticulasly limited and
where emphusie Is on Q or voltage broakdown,
textile-served wire is indicated. If Q s of the
greatest importance, silk is the logicul choice with
orlon, celunews, and nylon following In rempective
oeder. Whea voltuge breakdownis the chief concern—
for sxample, In bifilar windings—the order would
probably change to celanese, nylo, orlon, and silk
simply becauso of the relative thickness of the
servings.

Choice of a purticulur type of winding may di-
eectly influence the molection of wire Lecuuse of
peoximity of tuns and/or mechanical strosscs re-
sulting from the winding process. In  spuco-wound

lenoid, any wi bare wi y sufely be
uned. Close-wound solenoids muy use any insulut-
ed wite whose covering is electrically matisfuctory,
since once in pluce, there is no mechunical strain

1-10

undce winding tension. To be watisfuctory under
these conditions, the insulation must ufford maxi-
mum mechanical protection and exhibit u minimum
of cold tlow to prevent shorts ut the crossover
points.

Bent suited for universal windings are wires
with @ textile serving applied over cither enamel
o Formvur, If space does not permit the use of a
textile-werved wire, the deaigaer’s next best choice
is beavy or triple Formvar or one of the nylon-
Formvur combinutions. Wires of the wolderable type
ure, however, generally undewirable becaure of
theirtendency to short at the crowsover points with-
in the windings. Plain enamel wire I also gener-
ally uosutiafactory for uaiversal windings because
of its inubility to withstand the wcraping action in-
volved in the winding process,

1f it in known that the trassformer must operate

R PO P

RELATIVE COST OF WIRE PER POUND BASED

I OCT. 1953

ON PRICES EFFECTIVE

CONDUCTCRS

COMPARATIVE COST OF ™39 WIRE

D
[e]

[
o

N
(o]
REZ

HEAVY ENAMEL

S

BARE COPPER
GLE FCRMVAR

N

PLAIN ENAMEL
TINNED COPPER
HEAVY NYLON
HEAVY DIPSOL
HEAVY FORMVAR
HEAVY EZ SOL
HEAVY SODEREZE
HYFORM

! BONDEZE

! TRIPLE FORMVAR

1
3
i

JSINGLE NYLON

1
5

%

I3 FILM INSULATION - NOT SOLDERABLE
{1 FILM INSULATION - SOLDERABLE

(0 TEXTILE SERVING OVER BARE COPPER
[/} TEXTILE SERVING OVER NON-SOLDeRABLE FILM
N TEXTILE SERVING OVER SOLDERABLE FILM
EZ] SUITED FOR OPERATION ABOVE 125¢

ENAWEL
200

£ SILK ENAMEL
SiiY SUTONE
4 CERoC ST

R

SE
L
K ENAMEL(S/44 LITZ)
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GLE SiiK
S. SILK ENAMEL
FORMVAR
EAVY FORMVAR
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S

_—

o
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I
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S.SILK S.
X3 S. SILA H
S. SILK

S. CELANESE ENAMEL
HEAVY CELAN
Y

S. CELANESE NYLON

S
=5

e

=

under conditions of high bumidity, the une of u tex-
tile-served wire In not recommended, regardieus o
its subsequent fmpregnaution. Film insulutions in
general, particulurly thowe of Formex ur ooumel,
are definitely wuperior to uny testile-wrrved wire
when subjected to cither static of cyeling humidity
exponure. No treatment hus yet been found which
will effectively neal the fibers of the meeved wire
und prevent the movement of moistwre ulong these
fibers towurd the interior of the coil.

When 85 C in the muximum operating tempera-
ture of u tranaformer, the desiguer han complete
freedom of cholee In welection of wire inmulution.
Reising the vperating temperatere to 125 C begine
to limit the choive nince all insulations that ure
thermo-plantit in nature ure unmatisfuctory in this
temperature range, The use of enumel in Aot recom-
mended nince 1t in ot about this temperatues that
the filin beginn to disinteg-ate from the wcticn of
heat. Foamear, while not rated by its manutacturers
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Fig. 1-7 Comparative cost of vazious typen uf No. 39 magnet wire,

X
J FILM I .
INSULATI

as Leing matisfuctory for une wbove 105 C, bus
heen found to operate succenafully st 125 C when
protecied by wn udequate impregnation. such as the
dual varnish treatment recommended for maximum
mointure protection und demcribed in Section 7 of
this manual, For units inteaded to operate above
125 G, w idesigner is, for the moat part, limited to
wirew inmulated with Teflon, cerumic materials, o
combinutione of the two. It im ecutirely possible
that the new wilicose enameln will prove watin-
factory in this range, but too little in koowa of
them at thin time to warrunt u definite recommenda-
tion,

Neference to Fig. 1-2 will give un indication
of the deyeee of temperature stubility which m.
eapected from coils wound with virioustypes of ia-
sulated wirew, Ao indication of the nolvent resiate
ance of vanous insulations in presented in the
table uppeoring an Fig. 1-9 which iy be used as o
guide in the melection of computible Impregnation

-1
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Fig. 1-8 . RECOMMENDED MAGNET WIRE INSULATIONS FOR
THREE MAJOR TEMPERATURE CLASTRICATIONS!

CONDUCTORS
materinls. 1o this connection, it should be strews- The importance of magoet wire in high fre-
od that under certain circumstances it in perfectly  quency transformer dewign is great. Foutunately foe
ponnible for a wire innulution to soften in the prews  the design engineer, the mujor wire manufucturers
ence of the wolvent and wtill be acceptuble for une  have excellent product information availuble wnd
il not wubjected 1o wirvms while softencd wad if  will be found willing to lend their *“know-how'’ in
wubaequent treatments Inwure complete removal of  new und speciul cuscn, Clone contactn with the
the solvent. Becuuse of the difficulties often ene  representutiven of these various compunicn will be
countered in identifying various wire insulutionw,  most valunble,

a weries of simple identification tests have been
worked put und incorpotated in the tubles wppoars

as G il 200 C

Enumel Silicone enamel Ceramic
Al textile servings Vinyl ncetul® Teflon

A1l noldeeable films Ceramic plus Teflon

Viayl ucetal Silicone enamel®

YAny wire listed in o higher group may, of course, be used nafely in u lower group.

ot recommended by their manufacturers for operation in thin clansification. However, tests con-
ducted during the preparation of thin manual indicute that with proper impregnation thewe wires
may be uned nn shown above.

Fig. 1-9 SOLVENT RESISTANCE: OF COMMON FILM INSULATED WIRES®

Naptha Poot Very good Very good
Kerosene Poor Very good Very good
Alcohol Fails Good Very good
Xylol Fails Good Very good
Acetone Fails Good Very good
5% 1,50, Very good Very good Fair

Ganoline Very good Very good
Benzene Poor Very gnod Verv good
Toluol Good Very good
Ethyl Acetate Fair Very good

Boiling

Fthanol/Toluol Fails Good
Cresylic Acid i Poor Fails (dianolven)
Ammonia Good Very good
Carbon Tetrachloride Very good Very good

1% Kol Very good Very good Very good

“This table compiled at Automatic Manufucturing Gorporation from information supplicd by Phelpa-Dudye
Copper Produc.s Corporation uad Bheeler lnnulated Wire Company.

e N e

ing an Figs. 110 and 1-11,

Fig. 1-10

INFNTIFICATION TESTS FC

DR FILM INSUL

FILM INSULATION

ENAVEL

FORMVAR

NYLON

Dip in Acetone
Dip in 600 to 7
Salder Pot

Dip 950 to 1050 F
Solder Pot

Apply small Mame
Dip in

Crenylic Acid

Dip in boiling mixture

of 30% toluol and 70%
denatured alcohol

Film softens in very
few minutes

No effect
Foamel may crumble
but wire will not tin

Burns with black smoke
Lenves black surface

Film softens and in
canily removed

Film softens and in
casily removed

No effect

No effect

Wirs tins

Burns wiih black smoke
Leaves bluck surface

Film softens slightly

Filin softens und i
casily removed

No effect

Wire tina

Wire tina

Alelts and burnn
Teaving cleun copper

Disnolves

No effect

*1hin table compiled nt Automatic Manufacturing Corporation from information furnished by representatives
of Belden Wire Company, Phelps Dodge Copper Products Corporation, Bheeler Innulated Rire Company,
and Winnted Division of Hudson Wire Compuny,

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

_POOR

ORIGINAL

Part | MATERIALS OF CONSTRUCTION
SIMPLE IDENTIFICATION TESTS FOR TEXTILR SERVINGS®

Fig. 1-11

TEXTILE

SILK

NYLON

ORLON

CELANESK

Dip in Acetone

Dip in Crenylic
Acid

Strip from con-
ductor and bring
near small flame.

Dip in
60% 1,50, .

No effect

No effect

Burna. Ash dack
and casily crums
bled. Odor re~
wemblen burning
feuthers.

No effect

Dinnolves

lelta, May burn.
Fornn hard resin
ball ol greyishe
tan color, Odor
cenembles burne
ing flenh.

Dinnolves

Na offect

No ellovt

Aleltn, May burn

in flanhen, Leaves
hard, alightly gum=
wy bl ark in
color,

No wlfeet

Dinsolven

*Thin table compiled

of Belden Kire G, I'helps Redge Copper Products €

at Aut

Division of Hudnon Wire Co.

Fig. 1-12

iny €

trom informati u furnished by eeptenentatives

COMPARATIVE SIZE OF COILS' WOUND %1TH
LD AND TEXTILE-SERVED WIRES

FILM-INSULAT

Sorp., Wheeler lusulated Wire Co. and Binnted

Coil O In inches

No. 39 HF

No. 39 NSE

55.0
50.8
20.4
180
1n.o
10,0
A7
44
12
11

1.000

a0
L1x0
oom
onat
oss

Coil duta: Form « OD; 1/2 inch, Wire 8i

114
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CONDUCTORS

CATALOGS AND FECHNICAL INFORMATION OF:

Anaconda Nire and Cable Company
25 Deandway

New York, New York

Helden Manufucturing Conpany
Chicago RO, lllinoin

Ihe Electric Auto-Lite Company
Paint Huron, Michigan

General Electric Company
Conntruction Material Depariment
Heidgeport, Connecticut

Hitomp Wires, Inc.
20 Windsor Avenue
Mlinncola, Lang Inlantl, New York

Hudson Kire Company
Winsted Division
Winsted, Connecticut

Phelps-Dodge Copper Products Carporation
Fort Wayne, Indiana

Rea Vagnet Rire Compuny
Fort Wayne, Indiana

Sprague Electrie Compuny
North Adums, Mannachusetts

Rarren Wire Conpany
Pownai, Vermont

SPECIFICATIONS

JANRLGH3(3)
“Wire, Magnet”"

QOR38)
“Wire; Copper, Soft o Annealed”

Varior - -pecifications of the American Standards
Ammnciation sponsored by Natinal Electrical Manue
facturers Association of which examples are:
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:9.1-1953
“Faamel-Coated Round Copper Magaet Nire'

:9.3-1953
“Silk-Coverrd found Copper Magnet Wice®®

(9.4-1951
“Nylon-FibresCovered Round Copper Magnet Wire™
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SHIELDS

Section 2

SHIEL.DS

REASONS FOR SHIELDING

To operate succesafully, modern elecironic
equipment must be no conmtrieted that coupling
between the varioun circuitn in limited to the -
mount intended by the dexignee of the equipment.
Fnwentinlly, this requitement can be met by cons
fining within a limited space the electromagnetic
wnd  electrostatic fields which wurround any in-
ductanve through which u curent is floving. Be-
caunn both of these ficlin tend to link (couple)
readily witk other similur fisldn, it follows that
coupling may be either inductive as a result of
the eloctromagnetic field, or capacitive us a res
sult of the electrostatic fiehl, It in usually necun-
wary to prevent both typew of coupling, and the
meann most often employed in that of shielding
the Inductive components.

Shielding, as practiced In slectronica, uwus
ally connints of encloning an inductive component
within a metallic containee called a shield can.
Thene Containers are unually made of a metal have
ing n relatively high conductivity. Aluminum in
the mont common shield material with copper and
2inc heing used for thowe canen where it is necens
sary or desirable to wolder Jirectly to the can,
Sometimen iron or steel is uned although it in not
a common practice at radio fraquencies.

ELECTROMAGNETIC SHIELDING

Floctromagnetic fields may be confined in two
wayni (1) by the use of conducting shields of none
magnetic material of (2) by the une of highpermes
ability, low-reluctance magnetic shiclds.

In the cnse of conventiunal shicld cans made
from low resistance, non-magnetic metals, the
shielding (reduction in inductive coupling) in
largely the reault of eddy currents induced in the
metn) cun. The energy used to form thase currentn
i drawn from the field of the inductance to which
the whield bears somewhat the relationship of an
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ntined wecondary, thu creating o loun in the ene
Cloned winding which ahowa up as an increwse in
e effective renintunee ol the coil and a nube
arquent lowering of ite Q.

Since the shielding of & magnetic field i an
wldy current phenomennn, it in apparent that uns
Jenn these currentn can (o freely wherever they
pleane, the shielding will not be effective. Thn
meann that shield cans mmt be made from lowe
remintance  muterinba, free from breakn or highe
renintunce jointa, In nther words, if shiclding in
o be effective, there munt be a continuow
renintance path through which eddy currentw can
flow with complete frecdum, Were it not for thin
{nct, nhield cans made up of metal foil intermpaced
hetween layers of papee could provid s wlequate,
low-vont shielding, That this is not 1ae cane cun
lie canily demonstrated by uing coper foil as v
Jinor in steel shield cann = a shielding procedure
which will be found completely ineffective at rudio
fiequencies until the overlupping portion of the
vopper foil is woldered thronghout its length,

Fddy currentn whivh are net up in shicld cann
will be found to b in uppusition to the field of
the enclosed windings and therefore will actto
reduce the effective enil inductance. 1t in for thin
franon that it in alwave necessary to spec ily the
conditions under which inductance readinge have
been taken. The elfect to which “in ahield’ and
i aie” readinge may vary in illuntrated by meas:
wements  made on 0 cowcentional $55 he intere
modiate  frequency tannlorner. Meanured in it
thin transformer had o wry inductance of 2,026
why and @ accondary inductance of 2082 why bt
when enclosed within itw shield L becuma |0
wh wnd L, becume 2000 wh — an averuge lown of
wpproximately 2 per cont in Juctance, Mutual 1
duitance between the two windings wus aleo ale
[octed and to an even greater extent since e ane
wed 128 microbenrys In air und only 105 micios
hearys when enclonedl in the whield can, It probes
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hly whould ba noted at this point that vasiations in
imluctance and Q can be introduced not only by
whinlding but also by plucing u coil in elose prox-
imity tomach metallic objects un mounting brackets,
a chunnin, core screws, of other wimilne manses of
metal,

Wagnetic shiclding may abwo be nccomplished
through the use of cups of wleoves of powdered
iron, lerrite, or other wuitubly high-permeability,
low-teluctance material. In wuch casen, external
coupling in reduced because the magnetic flux is
concentrated in the Jow-reluctance path which is
placed about the coil. Unlike the shielding result-
ing from eddy currents, thin type tends to raise
both the inductance and the Q of the enclosed
windingn, In general, magnetic shiclding is not
particulurly effective in the reduction of extrancous
coupling, and it is customary in the design of trans-
formera utilizing this type of whielding to enclose
the vomplcte assembly in u conventional shield
can denpite the presence of mugnetic cores of
wleoven, In such instances the outer shield can
wervew primarily as an electrontatic shield since
an amount of flux suflicient to generate eady
currents rasely reaches the outer can but instead
stayn within the low-reluctance path of the mag-
netic material.

‘I'ne discussion up to this point has been prie
marily concerned with electromugnetic shields.
Since, however, the banic requirement for electro-
wiutic  whielding is to enc'one by a conducting
surface the spuce to be shielded, it will be seen
that the use of conventional ahield cans provides
electromtatic shielding a» wull an electromagoetic
ahielding. The electromuguetic shielding in, of
course, the result of the eddy currents whict are
et up in the shield and which cppose the passage
of the flux lines. The continuous conducting p!
provided by the ahield can i sufficient to prevent
capacitive coupling through the electrostatic field.

o this connection, it should be noted that a
aolid conductive screen is not necessary for e-
Jectrontatic shielding and that a grid-like structure
of the ganeral type shown in Fig. 21 will be aat
factory foe this purpose. Hecnune only one end of
the conductors making up this device is connccted
to the common bus, there is no apportunity for the
formation of circulating currents, and therefore
there is little or no effect upon inductive coupling.
Such un arrangement is known us o Faraday Sereen.
nd oxamples may be found in many modern con-
merclal receivers where the screens are often made
by printed circuit techniques. .

22
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Faraday Screens must, of course, be grounded
il they ure to be elfective. The principal pupose
of these devicea is to furnish a means of elimie
nnting cupacitive coupling while ut the same time
pernitting inductive coupling — a condition which
con result from the insertion of a properly grounded
wereen in such a manacr as toscperate and enclose
the windings of a tronsformer.

R

CHH i:i'f

. 2.1 EXAMPLE OF FAR: DAY SCREE!

Note: Space between vertical conductors should
be appmxl'matzly equal to the OD of the con-
ductors.

FACTORS AFFECTING SHIELDING

Several factors muy be said to inflvence the
overall effectiveness of shielding. If the shield
material and its thickness remain constunt, fre-
quency will have a direct influcnce upon the ef-
ficiency of the shielding, since increaned fre-
quency means increased eddy curents which in
turn mean better shiclding. Bhen the frequency
remains  constant and the metal ia not changed,
the effectiveness of shielding increasca as the
thickness of the shield increanes, Actually, thi
lester condition in not a linear function, und exe
perience has indicated thut at common r-f frequen=
cies little is to be gained by increasing the thick-
nean of on aluninum shield beyond the normal
0.018 to 0.020 inch, Heavier shields may, however,
be required at lower frequencies.

It must be remembered thut the efficiency of &
shield is directly related to the conductivity of
the metal used in the fabrication of the shield.
This means that copper cans are more offective
\han those made of aluminum, although for average
applications aluminum is perlectly satisfactory as
ja evidenced by its almost universal asceptance
in ull equipment exceyt the most precine, av, for
example, standard eignal generators. Reference to
Fig. 22 will provide an indication of the coms

parative effectiveness of various materials when
made into shield cans of uniform nize and checked
over a wide range of frequencien,

n the denign of high-guin amplifiers, care
should be taken to aveid direct contact between
shield cans since there may be considerable coups
ling between stages if the shields are in contuct
al any point, For those canes requiring maximum
inolation, it is desirable rather than to increase
the thickness of the shield cans to use two or more
sepurate shiclds locrtad one inside the other with
contmt between the two limited to one point, if
porwible. It is this type of double shielding which
haw preved most succesaful in the manufacture of
wtandard signal generators wheve stray couplings
are of the utmost importance.

Among the effects of shiclding which should be
mentioned is the increase in distributed capacitance
that in always noted in shielded windings. This
increane in Ca is essentially an electrostatic phe-
nomenon which occurs becaune a whieldis at ground
potential while at least a part of the winding is
wways  substantially ubove ground. Since dine
tributed capacitance is a factor which influences
the wolf-resonance of a winding us well as the re-
Tationahip between its true and appurent inductance,
it therefore becomes clear that it is difficult to
predict ly the effective induct of u
ahielded coil. It is, however, equally obvious that
the clorer the shield approaches the coil, the
grouter will be the difference between the true and
the upparent inductance of an enclosed winding.

Not only is the size of the shield importunt
when viewed from the atandpoint of its eleciro-
static effects, but it must be cemembered that when
metal of any sort is moved closer to an energized
winding, the amount of magnetic field that will
entor into that metal is increaned. Most engincers
connider it to be an accepted fact that this en-
trance of encrgy into the walls of the shield can
and the renulting eddy currents formed therein will
show up as a circuit loss and that a shielded coil
will lone both in inductance und in Q.

EFFECT OF SIZE AND SHAPE OF SHIELD CANS

In the course of laboratory work performed as
background for this manual, » wubstantial amount
>f mtudy was devoted to the elfect upon encloned
windings of variations in the shape, size, and ma-
tetlal of shield cans. An can be seen from the
graphs and tables throughout this mection, the ef-
foct of mhielding is not one which is clear-cut but
rather in one which is dependent upon a number
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of factors including frequency of operation, core
material used in the inductance, and the Q in air ol
the e -closed winding, Reference to Fig, %3 will
whow that at frequencies of 30 Me or highee, it in
entirely possible for @ coit 10 gain as much an 30
per cenv.in O when encloxed within a relatively
clone-fitting aluminum  shield, 1t i important to
aote in this regand that air-core coils do not res
spond 1o shiclding in this manaer at any frequency
hetween 455 ke and 180 Me, Only thoxe coiln having
iton cores show this property, and here again it
whould be noted that the mere presence of aniron
core s insulficient hanin for this behavior, Only
certain kinds of iron cores induce u responne of
\his sort, thus indivating something of the general
difficultios involved in predicting the peeformance
of rhielded corla,

As will be seen from the experimental datn aee
company'ng thin sectioa, there is good reason to
accept the oft-quoted rule of design that **a shield
can should never come claner to a nonmagnetivally
shielded inductor than a distance equal to the
Jinmeter of the coil itaell*’, thus pointing out the
importance of cup coren or other magnetic shielding
in miniature and subminiature transformer denign,

Because the selection of the size and shape of
transformer shield canx in more often dictated by
the available space in the end equipment than by
those factors conatituting optimum coil denign,
it follows that good transfarmer design practice
should start with the nhield wince it is necennarily
« limiting fuctor in the phynical size of the conw
pleted unit. A study of the sizes of nhield cuns
: ly availubls from eatablished manufacturers
lends credence to the theory that all too often engie
aeern design a tranaformer and thea as theie fumt

move design a shield can to fit their new creation,
One major shield manufacturing company® reportn
that it has on hand approaimately 150 seto of draw
ing tools repreasnting an investment iu the order of
$300,000 — a figure whith is easy to ‘underntand
since a single aet of tocls may comt anywhere
between $1500 and $3000, igure of $300,000
do=s not include pirrcing toola — thone taols which
punch the required holen und other openinga in the
cans. No estimate un to the nunber of picrcing
tools owned by thin compuny was available other
than that for one particular shield can (an item uned
in lurge quantitien on military eq; ment) twelve
different acts of piercing tools were in current op=
eration at the time thin rurvey was mude, Ad-

1peul & Deekman, Inc., Philadelphia, Penne)lcania.
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mittedly, piercing tools are far leas oxponaive
than drawing iools, but the fuct rewninn that had
more thought besn: given to the busic deaign of
this series of coils, production costa could have
been substuntinlly lowered through w roduction in
the cont of touling,

METHODS OF FABRICATION OF SIHELD CANS

Shield cann muy be made in & number of ways
with the most important und generally antinfucteey
method bring known un drawing. This operation w
curried out in multiple stage presnes ulilizing
wiip stoch which s blanked in the first ntage and
thea is progreanively formed into ahnpen and nizes
more neacly spproaching the final form an it passes
thecugh each succesnive stage in the drawing oper-
ation. In mome tools, provision in mado in the
final stage lor piercing and cutting to length,
wheteas in other instances these lwo upecations
are performed on erparate equipment after the whield
haw been drawn. It is worthy of note that drawn
abields are very unilorm in size and in wall thick-
neas, and thut thay have an end thickness oqual
to that of the stock from which they wers drawn.

A second munufacturing procens which at one
time was of considerable importance In ahield can
production s known as extrusion. In thin method,
the can is formed from a predetermined mans of

DIMENSIONS AND TOLERANCES

The mont critical dimenaions in shield design
aro the internal radii. For fairly obvious reasons,
It is ot pownible to prodice a drawn shield can
with perfectly square corners on either the inside
or the ontaide of the shield. It i, however, de-
sirable to heep these radii as anall an possible in
order to utllize most fully the mpace within the
shield. Since, however, tool cont nnd tool maine
tenance are hoth influenced by the mize of the radii
apecified, 1t in generally accepted that 1/16 inch
is the mmallest practical radius that should be
epecilied in whiclds of approximately 0,750 inch
inside dimennion, Larger shiclds, of cours de-
mand larger radii with 1,250 inch whields requiring
7/6% in-h rudii for economical and satisfactory
production, Noth inside and outside dimensions
have been uaed at one time or othee in specifying
shield mizes, but the best and most widely ac-
<cepted practice seems o be to work with inside
dimenaions on cross sections and with outside
di on length. C nly accepted toler-
ances ara $0,003 to 0.005 inch on the cross sec-
tioa; 10,003 inch on wall thicknenn; and either
0,000 or 3020 inch on tha longth. Most can
manufacturore will find these tolerances accept-
able without additional cost. To speciiy closer

\ 0 i

metal which is placed in a cavity having the size
and shape of the can which is to be formed. A
ram having the dimenmions of the inside of the can
then enters the cuvity and by tremendous presnure
actually caunes the metal to flow upward into ihe
space between the rum and the cavity wall, thus
forming the shield can. This method ls unad today
by some manufactuccrs for small sizen of round
cans but, in general, it has been replaced by draw-
ing. Extruded wbiclds can casily be recopnized by
the thick closed ends which are alwaya preacnt — &
somewhat undesirble condition inawmuch an it
makes piercing that much more difficult, Another
point in which extruded shields are inferior is
found in the formity of sidewall thick
which is & characteristic of the extrunion process.
Round shislds are somctimes mpun,® but like
casting— & methodonce used in certain Inatances—
this mothod of meking shicld cans offers no ad-
vantage great enough to warrant its additlonal cost.
In view of the trend toward miniaturization, it is
bighly improbable that spun shiclds will ayain be-
come a factor of any importance In the electronics
Industry.
P80 Sertion & for deseription of the epinaing preesss.

wil itably require special tools,
special handling, and additional expens

Up to this time, very few serious attemp! have
been made to etandardize on shicld can sizes, At
various times designers have sprcified shields
which in cross section were round, rectangular,
oval, or aquare. Because of a denire to conserve
chassis space, the recent trend has been away
from raund and oval shapes toward either rectang-
ular or square shiclds. Probubly the ncarcst to &
“gtandurd” size in use today is the so-called
“3/4 Inch" which actually mensures 0.735 inch
aquare on the inside. Other popular sizes bave
inaide dimenaions of 1.125 (nches and 1.375
inchew, and It ls opon those three si that the
majority of the experimeatal work for this section
wan busad, As these words are written(taward the
end of 1934), there is goud evidence thal a new
subndniaturs size of square crosa section having
inslde dimonalons of 0.500 Y3008 inch will be
come populars :
METHOD3 OF MOUNTING

Whon Inotalled in a piece of equipment, shisid
cana munt be lirmly conaected to the chassis both
elacirlenlly and mezhanically since shielding be-

a0 S e

COIL_FORM TIGHT
POLYSTYRENE ROD

FIT OVER

1

Q -METER JIG FOR SHIELD CAN STUDY

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

MATERIAL: POLYSTYRENE 1/4 THICK




D -
eclassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

POOR ORIGINAL

@

Part | MATERIALS OF CONSTRUCTION SHIELDS

SHIELD CAN STUDY
Fig, 25 Dencription of various coils used in shicld can Atudies
COIL DATA
SHIELD CAN STUDY COIL COIL *N COIL 0"
COIL DATA

e s A i S G T

Wire No. 20 ILF, Now 20 L, No. 20 1LE,
Winding Solenoid Soienoid Solenoid
Turna ™ ™ ™

COIL A" o, e o)1 PR COlL ‘0"
il A el e

Wire Now 29 1LF, No. 30 1LE, No. 5/44 SSE No. 5/44 $SF Fand Spacing to
Cam 4/a2 /32 3/32 3/32 Coil Center 0.503" 0.503"
Gears 56774 56/74 51/67 51/67 4 Spacing to
Turnw 500 500 P 285 ' Coil Fdge 0.358" 0.358""
Fud Spacing 0,425" 0,425 X 0.425" oD 0.371" 0371
oD 0.516" 0.510" Pt 0.523" Coil Width 0.200" 0.200"
Coil Width 015" 015" 0.120" 0.120" i Coil Form OD 0.285" 265 0.2685"
Catl Faem OD 0,205 0,205"" 0,265" 0.285" Core None Carbonyl £ Carbonyl €
Gora None Plantelron None Carbonyl E Inypregnation Wox Wax Rax
15291 4 'requency 30 Me 20 Me 30 Me

Inypregnation Wax Wax Wax : Coil Q"
VFrequency A56ke 456 ke 455 ke : (No Shield) 143 9 0.8

o

Conl ** i « 67.05 wul 35.30 uuf 32,98 unl
(No Shield) 59 9 122

¢ 16,91 uuf 27,93 wuf 252,09 uul 155.91 wuf

0.503"

COIL P GOl Q! COm, “R” colt.
ColL R COIL “+** coll COIL 0" ColL 1" — — LA LBIL N

Lo, cot. . oL = com. o

Wire No. 20 ILF. No. 20 HLEF. No. 20 ILF. No. 20 WK,
Winding Solenoid Solenoid Solerald Solenold
Turns Y kb : 34 3%

Wire No. 36 SSE No. 36 SSE No. 30 SSE No. 30 SSE No. 30 SSE
Winding Solenold Solenoid Solenoid Solenoid Solenoid

Turne 10 10 15 15 16 Find Spacing to

Fnd Spacing to Coil Center 0,499 0.4 0,499 0.499"
Gnil Center 051" 0.511" 0.528" 0598 0.512" i Find Spacing to

Find Spacing { Coil Edge [T 4d 042" 0427 0.427"
o Coil 0,497 0.467" 0.421" 0421 . 0.463" i on 0.362" 0.362" 0.362" 0.362"
on 0.301" 0.301" 0.310" 010" 0.523" 2 Coil Width 0.143" 0,143" 3" 0.143"
Coll Widih 0,087 0.087" 0.214" 0.214" 0.213" i Cail Form OD 0,285 0,205 0. 0.285""
Coil Form OD 0.205" 0,285" 0.285" 0,265 0.500" Core None Carbonyl E Carbonyl € IRN8
Core None Carbonyl & None Cerbonyl E None Impregnation Fax Bax Fux Way
Impregnation LI Fax Wax Bex Wax Froqueney 60 Me 60 Me 60 Me 60 Me
Frequency 10,7 Me 10.7 Me 10.7 Me 10,7 Me 10,7 Me ° Coil Q"

Coll Q™ ; (No Shield) 158 T6.0 27 158

(No Shield 64 92 B 116 14 ] C 34,49 uufl 22,85 uuf 21,25 uuf 28.62 wil
¢ 184,42 uul 103,60 wul 141.07 ml 68.58 uuf 54.61 ol

i i e A i
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SHIELD CAN STUDY

COIL DATA

COIL “T" COIL “Uu” COIL V" conm, v

Wire No. 20 ILF, No. 20 ILLF. No. 20 ILF. No. 20 ILF,
Winding Solenoid Selenoid Solenoid Snlenoid
Turns 1% 1% I 4

End Spacing W

Coil Center 0.501" 0.501" 0501 501"
End Spacing to -

Coil Edge 0.165" 0.465" 0,65"
[v,1] 0.358°" 0.358" 0,358"
Coil Width 0.072" 0.072" 0,072" 0,07
Coil Form 0D 0.285" 0.285" 0,205" 0,285'"
Cere None Carbonyl E Carbonyl € HNK
Imprognation Wax Wax Fax Nax
Frequeacy 120 Me 120 Me 120 Me 120 Me
Coil Q"

(No Shield) 1 265 0 150
[ 12.79 wul 10.52 wuf 1041 wuf 11,90 uuf

1-2/2 x 13/16"

20.7%

2 x2~ || L3161 - 28" |13/ b5 1- /16"

COIL “X" COIL *Y" COIL *2” COIL *1*

3. |2% )| .5

1.3%10.6%

Wire No. 17 H.E, No. 17 H.E, No. 17 WL.E. No, 17 H.E.
Winding Solenoid Solenoid Solenoid Solenoid
Tezs 1% 1% 1% 14
Ead Spacing to )

Coil Ceator 0.496 0.496 0.496 0,49
Ead Spacing tn

Coil Edge 0.437 0.437 0437 0437
0D 0.392" 0.392" 0,292 0,302"
Coil Width 0.095 0,095 0,095 0,005
Coil Form 0D 0.285" 0.285" 0.285" 0,25
Core None Carbonyl E Cerbonyl C N8
Impregnation Wax Wax Wax Wax
Frequency 180 Me 180 Me 180 Me 180 Me
Coil Q"

(No Shield) 23 50 178 168
C 10.25 wal 7.91 uaf 7.53 waf 8,76 uuf

PEBECENTAGE °Q=~ LOST UK 7O SNIELD SIZZ

13321-3/37} I
.6%

ALL SSIELDS ARE ALUNINUN 3-3/4 inches EIGH AND 0.017-0.024 inches TRICK

SEE FIG. 2-5 FOR COli. DATA

4.4%
5.4%
7.8

AW FR=IN11-173:-1/3"
19.1%] 10.4%
41.0%] 25.4% | 12.2%

28.5%] 13.5%
25.3%] 13.9%

.‘..
-
co1L
<
cofL
>~
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PEDRERSEE,

comen less effective whenever resistance is intros
duced  between the shiold can and the chanain,
I thin i vatkew under operating cons
ditlonn, noise may be inteaduced into the circuits
FFor many years, the conventional method of mounts
ing whield cans wan by the une of spude bolix
which were riveted to the nhield cans and attached
to the chassis through the wse of nuts and lock
washers, Recent advancen i1 mechanical denign
have produced variows himis of spring mounting
devicen intended us replacements for spade bolte
wnd  purporting the wilvantagen of being far lexn
expennive and much fanter o install on the pro
duction line,

& wuccessiu axample of this type of tranes
former mounting is iz U rhaped, spring mounting
clip developed and patented by Automatic Manus
facturing Corporation, Newark, New Jerscy for une
with ita K-Trans. The deuign of this clip is much
48 lo mssure a permancnt, won-oxidizing contact
between the shield can and the chassis us well an
A means of mounting which nutisfies even the
strenuous requirements of the Navy shock tewt,!

oo
staning
sunraces
ouyTing oL1e
oM

A

Fig. 2-10 K-TRAN mounting lip and mounting tool.

The cavings that result from this method of
mounting ore considerable as may be seen from the
fact that spade bolt mounting tequires the use of
a tntal of 10 small parte® compared to the single
mounting clip described whave and pictured, in
Demonstrated st Bignal Corpe Nrgineoring Leboratories duwing

1he €1nr 40 of work on Signal Cwrps Hesearvh ead Dovelopment
Contraet No, DA-36-035-8C

SHIELDS

Fig. 2-10, A further advantage ia to be found in the
ease with which shield cana designed for une with
with thia clip can be mounted and demounted, The
wimple snupeaction of the clip responds readily to
the simplest of tuoln, and wi'h proper cure the
clips may be used over and over ugain = a point
which could be of conniderable importance when
making repairs under emer, field conditionn.,

A number of other types of spring=actuated
mounting devicea huve been made available from
commercial  mourcen, While offering certain ade
vantages over apude bolts, especially in the cane
with which they may be attached to a channin,
these devices all require riveting to the whieldn
with the consequent handling of a minimum of 6
wmall parts, Thin fact in itsell reducen the ate
tractivencss of theaw devices which, while adequate
for many civiiian nplications, ure not belleved to
be sufficiently stuidy for the average milituty res
quirement.

Since the shield can is an esseutial port of
a high-frequency trannformer, and since such tranne
formers will operate nucceasfully only when firmly
attached to the channin, it follows that for thone

requiring whield cans of a size other than
/4 inch’®, the mont reliable mounting method

in that involving the use of spade bolta. If minie
uture components nrr being used, it would ween
wise to give conmhloration to the obvious ade
vantager. attached to the U-shaped, spring mounte
ing clip.
DESICN SUMMARY

From the furepoing discumsion of whieldw, it
weuld seem that goud high frequency transformer
denign praciice calln for =
1. The use of atandard sizes of drawa alwminum
shield cans wupplemented by magnetic shields
ing in miniature and subministure unita o
where extremely high Q must be obtained
in small spuces,
pecification of normal fal tolere -
ances on ull dimenaions including internal

radii.

. The use of a asubstantial mounting method
consisting of wpade bolts, nuts, and lock
washers for the larger sizes of shield cans
andeither the anme or the patented U-nhaped
spring mounting clip for *3/4 inch'* cann,
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TEMPERATURE CONVERSIGN TABLE

SHIELDS

The numbers in italica refor to the temp in either

10 the other scale. To convert Fabrenhbeit to centigrade, read the left hand ¢olumn, To convert centipeade

to Fahrenheit, read the right hand column,

-73.3
-72.8
-12.2
-4
=710
-70.8

-148.0
-146.2
-4
~M42.8
-140.8
-139.0
-137.2
-135.4
-133.6
-131.8
-13.0

de or Fahrenhoit which is to be converted
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88.3 191 3758 90.0
8.9 192 3778 9.8
89.4 193 S79.M 9i.!

194
195
196

SPECIFICATIONS

QQ-A-318b

“*Aluminum alloy 525; plate and sheet"

00-A-350¢
“*Aluminum alloy 35; plate und whoot”"

AS61b ;
“Aluminem alloy 25; plate and sheet™

QQ-C-576(1)

“Cpper plates, sawed bars, sheets, and strips’®
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MAGNETIC MATERIALS

Section 3
MAGNETIC MATERIALS

INTRODUCTION

The use of solid iron wa a core for an electro-
mugnet wan utilized as far back us the time of
Michacl Faraday. The ‘inelliciency of a solid-iron
core for alternating-current applications was quickly
recognized because of the excennive amount of heat
generated within the core. The electrical loss pro-
ducing this heat was found to be due to eddy cus-
rezta induced witkin the iron, Theae losscs were
reduced by substituting iron wire or flat laminations
which reduced the path of the circulating currents.

As unage developed in the higher-freq
range, it was discovered that smaller and smalier
laminations were necesmary, Aw far back as the
late cighteen hundreds, iron filinga imbeddedin wax
orshelluc were used for high-frequency applications,
This oventually led to the realization that finely-
divided iron, treated to inwulate each particle from
the other, could be bound together by the addition
of a binder, molded into the denired shape and heat
weated to harden the binder, thereby producing a
low-lons high-frequency core.

I was not until about 1930 that high-frequency
powdered ircn cores manuluctured by mase pro-
duction methods appeared. W.J.l'olydoroff and Huns
Vogt were carly pioneers in this work.

Prior to World War Il, lron cores were uaed in
many high-Q antenna. coila, especially in auto-
mobile radios and in permeability tuners in place
of gang cupacitors. Permeability tuned i-f trans~
formees made their appearunce but were expensive
and, therefore, aot popular,

Thread-grinding equipment for mass production,
developed during World War [l, made possible the in-

pensive permeabili d 1l transformer as we
know it today. Relatively fow capacitor-tuned units
are manufactured now.

Increaning demands for wmaller coils for use
in miuluturized equipmenta forced desiyners to look
for other magnetic materialn which would permit
size reduction without sacrilice in the quality of
performance. Ope such class of materials, ceramic
in nature and called ferrites, waw introduced as far

buck as 1909, but did not receive much attention
until w more extennivo inventigntion of thin material
waw made by Philips Gloetampenfubrichen of Finds
hoven, Holland in 1933, During World ®ue 114 cone
widerable amount of further rewcarch was condusted
and in 1947 LS. Snoeh published his well known
buok, **New Developmenta in Ferromagnetic Mates
riale' (Elsevier, N.Y.), covering the work of that
period,

After the War, a numbee of industrial concornn
in this country us well aa the military departmentn
initinted ferrite development programs aimed at
exploiting this very promiing material, At thin
writing almost every telovision receiver und many
rudio receivers in domeatic and milary usage wis
lize this material in one way of another.
ELECTRICAL PROPERTILS OF MAGNETIC
MATERIALS

Let us firat connider the justification ~ ather
han possible economie reanans — for the uae ol
magnetic core and what it can do for the coil de-
signer. Why not design all inductors around air
Cores which would have lower losses?

A magnetic care hunically performs one or sl
of theae functiona:

(a) Miniuturization
(b) Inductance Variation
(c) Shielding

Mini

i an it In most Frequently recops
nized and applied, involves the reduction In the
physical size (and often weight) of an inductoe
whhout degrading ite electricul perf I the
original inductors were donigned around mngnetie
cores, they can frequently be further reduced in wive
by utilizing a more efficient coce, a novel core doe
slgn, or by utilizing 4 material having more favors
able characteristica. Typical examples of this would
be cup-core denigne to replace simple windinge
having eylindrical coreai even if the same magnetlo
material were used, this change would permit uning
« smaller number of turnn hecuuse of the more efs
ficlent use of the mugnetic material, an' would
therefore lead to w physicully smaller assembly

3l
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with the sume or hetter  characteristicn. A some-
What different appranch ylolling o wimilur roduction
in mive would be to une u ferrite core in pluce of 0
. powdered iron core withaut renurting to form fuctor
modifications. )

A more subtle anpoct ol miniaturization in one
Jvolving the improvement of slaétricol perfocmunce,
wenerully by obtaining u higber Qu without inereuning
e physicul wizo of the inductor, This, too, cun
often be uccomplished In the manner just outlined
for reducing nize. )

Inductance varinlion \a another important fu e
ton that can.be rewlily accomplished using mage
netic coreas Thin function, refemed to an pesmne:
ability tuning, in Lawed on changing the rel‘ucmm«m
or flux distribution in the magnetic circuit of the
coil by physical displacenent of the mugnetic u.'u.
The simpleat illuntration of this is in t!w une of
wovable cylindrical core In a noleno\_-l winding,
lasically, the same cuncept in ued in ﬂuel mur:
complex magnetlc core wiructures (}.:. the almon!
completely cloed wegnetle clrcuit in cup-core ane
emblies Fig. 3+1) whrre wome portion of the mnk:
notic core ia maie phy. cally adjustable.

(a) 3 piece assembly (adjustable center
core) )

(b) 1 plece cup core (plain of with exter
nal threada)

(c)2 pisce aup arsembly (ron-adjustable)

Fig.3-1 Typicul cup cores and cup core assemblies

Permeability tuning is used almost exclusively
in i-f transformers and in the tuners ‘:?r the bm:.a-
cast. band in automobile radios, Oscillator coilss
penking inductors, [ilter reactors, and numerous
other coils requiring adjustment after ansembly into
o electronic circuit u . this simple and effective

s of varying the coil inductance.

‘"e“;,Van-mag:rﬁt core tuning, though womewhat
foreign to the subjoct matter of this section, fm;er-
theless, should be menti ned in dmr.uu-mg induc-
rance variation aince it is an effective mzlho-! for
coil adjustment in certain cases. This technique
Soen adisc or core of silver, brass, copper, of alumi-
num in the mognetic field of the coil. The non-mag-
notic core reduces the inductance in proportion to
the magaetic-flux lines that it intercepts, 8o |hfn
physical movement of auch a core in n\e‘ magretic
field will caune inductance variation. The !ofu.en
introduced by the core cun be kept ninull by hmu;;g
therange of inductance ndjuumcm.h‘xnmpln of this
type of tuning wre high-(uquen_:y if lrunn'olmelrl
baving silver plated bruas tuning cores and xedg:l
vision tuners having bruss of .!umutum lhr:n.z

e spacewound r-f and oscillutor coils.

This type of tuning ia of significance at higher
frequencics since it reduces instead of increases
inductance a» does an iros Tore. Very-high-fre-
quency windings, in general, have only a few turns,
B ivon coren lor adiuating purposce only moke
such a winding more difficultto manufacture, where-
as the non-megnetic core requircs extru turns to
make up for the lons of inductance Jue to the core,
which is an advantage in many cuses.

Magnetic ahielding is the third function of pow-
dered iron or ferrite cores. Such shielding confines
the field of a high frequency inductor thereby per-
mittingother circuit components to be p!nced nearer
withoat deleterious elfects andinteraction from con-
flicting magnetic fields.

BASIC PARAMETERS
(a) Permeability
®»Q
(c) Dielectric Constant

Permeability i defined us the ratio of lhe'mq-
netic induction to the magnetic énlenllly and i re-
presented by K. Mathematically it is

u-B
n
where B is the induction in gausses and H is the
field strength in ocrateds.
The initial (or true) permeabilily is determined
by the slope of the normal induction curve at zero

magnetizing field, Thin characteristic Is most fre-
quently d ined by ing the ce of
a coil wound on a torvidal core of the magnetic ma-
terinl and comparing this value with the inductance
of a similar toroidal coil having an air core.

Of greater interent to the coil deaignet in the
effective permeability (u,,) which in unually de-
fined as the ratio of the inductance of n given coil
with and withowt the core. This is an fmpontant
working passmeter to the designer since it reflects
the composite effect of the true permeubility of the
core and the geometry of the specific coil and core
combination incluling dintributed capacity effocts.

A practical mothod of measuring piqf requires
the use of a Q-Meter, A wuitable test coil in reso-
nated (witleut the core) at a frequency which is
within the - of the Q-Meter capucitor, way 100
ppf. The corc on inmerted into the test coil und the
Q-Meter again renvnated by changing the frequency
without changing the capacity value uaed forthe
previous reading, Call the first reading {, and the
necond reading [,. The effective permeability cun
be calculated from tha following formula

o= (8’

A practical example:

Coil without corer €y =100 puf  { ~ 1000 ke
Coil with core: Cy=100pd () - S00ke

2
- [100) " 4

An alternste Q-Meter method utilizes a constam
frequency and varien the capacity for rewonance.lf
this method is vwed a value of C; mist be chonen
sufficiently high so that C, will be within range of
the Q-Meter rewonuting capacitor when the core is
inserted into the coil. This limits the runge of
effective permeubility that can be meanured to
approximately 10, which is relutively low when
fertites are connidered. The following formula
applics:

Cl

T,

where C, = capacity for resonance withuut coce unl
(;, capacity for remonance with core.

Hatt o

A practical example!
Coil without core:  f; - 500 ke Gy V00 g
Coil with core: 1, =500 ke Cy o 100 pt

400
'ﬂﬁ"

MAGNETIC MATERIALS

Effective permeability may vary from slightly
over one for high-frequency iron-oxide type cyline
drical corew 1u an much as several hundred foe cere
tain typen of ferrites made into cloned cup-core
designa having mall air gaps. More wpecific ex-
amples wro oy of 1.5 to 3 for a /1" diu x 3/4%
long cylindrical core in a wnivernul winding and
typicul coren uned for brondcast bund tuning (535 to
1650 ke =.200" din x 1 174" long) having an ef-
fective permenbility of 9.5 or greater (nee Figa.
3-3a-b-c and 3-4¢).

The . permeability of a powdetelsiran cove is
determined by the basic powder, the method of in-
suluting and binding the purticles together ad the
pressurs uned in forming the cores It cun, theee=
fore, vary within  range of sevetal pervent when
similar cotes ore mude by different fabeicators.
Coren made by the same fabricutor may vary in per-
meability becaune v preanen o not always
huve identical tools in all stations, Vaeven tool
wear und variation of applied pressure alwo affect
permeability.  The coil designer must recognize
these factorn und allow for reanonable telerances.
In generul, the closer the tolerunce, the more ex-
pensive the core, Generally accepted tol rances for
permeability ure ¢ 2% o 4 4%, Coren having closer
tolerances - generally have to be welected which
results in a percentage of unusable corew on either
side of the nominal vulue.

Itis sugpestedthatthe designer famidiarize him-
self with *Tentative Electronic lron Coee Preferred
Dimenaional  Specification® Na. 1505 T'*  which
covers in detail preferred mechanical and certain
electrical tolerancen as adopted by the electronic
core munufacturern,

Becaune of the newncws of the wit, there haw
been no wimilar Stundard set up for feerite cores,
In general, ferrite materiula being cotamic in nutore
follow the umual sccepted mechanical tolerunces
for electrical-grade cerumice, llecame of wider
mechanical tolerances for ferrite than foe bon, it is
necenssary to allow broader toletance foe perme-
ability, Common tolerances are ¢ 10% with ¢ 5% or
+ 3% generally held only by welection with a re-
nulting higher percentage of rejects,

Q in w term loosely used to designate the factor
of merit of a magnetic core. Actunlly thin is a non-
existent term since Q is in reality the factor of
merit of an inductor (with or without a core) and is
defined un the rutio of the reactance to the equiva-

© Motal Fowdar Associstion, 430 Lexingion Avenue, Nsw York
17, Now York,
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lont series renintunces

20l ol
Q="

Since there in no diract way to determine a core
factor of merit withowt an associated coil, it in
generally accepted practice to refer to the Q ol a
vure anif it waw un inheeent parameter, It whould be

e d that the core and coil Q will rarely over
L the siame for any two test coils and that cora Q
in, therefore, more of an effectthan a charnctoristic,
Suituble teat coiln are in general those comparuble
10w woeking type of winding, The Q obtained is &
relutive value for comparison with other coren of
wimilar form factor hut not necessarily of the wume
muterial, .

The Q, then, In ohtained by inserting the core
in u suitable tent winding and resonating the coil
on the Q meter at the desired irequency (wea page
39 faz proper cholea of a teat coil)e

The Q in largely u function of the type of iron
powder used nad method of proceasing, It dvew =oi
vary greatly from core to core due to molding pres-
wire, Typical tolerancen for Q are + 108, 7 1/2%
and t 5%, Toleruncan sloser than thia would nor-
mully be obtained by a 100% teat and seloction and
might result in w number of rejecta thereby in-
creasing the core cost,

Ferrite muterialn are the result of chemical re-
actions and many factoes in their production (such
un firing temperuture und atmosphere) affect the Qu
It in difficult atthe preaent state of the art to manu-
facture them to close Q tolerance. Larger tolerance
on Q is, therefore, necessary than is generally ex-
pected of similar powdered-izon coren.

Effect of Inserta:

lron cocen with merew inserte wre fraquently
used in - coil denlgn. The effect of intraducing
the screw is, of cowne. to reduce the effective Q
wnd if the scrow in grounded through the mounting
device and whield ansembly, the zapacity from
winding to ground nlao is often increased,

The conditionn under which cores we usad
greatly influenceathe reduction of Qducto moldnad-
in ncrew, but in geueral it can tun us high as 5%
foe steel screws ut 1000 ke and 205 at 15 Me, to as
low as 3% for brann wcrews at 1000 ke and 2% at
15 Mc. Since ateel ncrews generally reduce the
effective Q four ne five times us much an do brass
erews, their une should be avoided whenovar pos-
nible.

This reduction of Q and added capacity effect
can be minimiand to & great extent by using corea
which have scruws insulated from the magnetic
material, Thin in aceomplished by molding the screw
into a phanollc bushing which is attached to the
cad of the iron coe. The length of the buahing
governa tho peoximity of the metal werow to the
iron core ond thorelore affects the Q. This type of
core is more oxponnive than cne having the screw
molded directly in the izon and should be avoided
unless required fue electrical reusann.

Ferrite coron, Ly their very nature, cannot have
screws molded tn during manufacture, but must have
them cemented into a cavity in the end ol the core
subsequent to the linal firing operation, Thin in it-
self tendn to dincourage the use of werews in
ferrite bodien,

The dielectric constant of powdered lron and
ferrite material han been given little attention in
the literature, Manufrctuears have not been able 12
produce iraw worew having widely differom diclectric
constants. Even though isolated projecta have
possibly indicated a need for iron corew of lower
dielectric conntant, none are known to be olfered
commercially,

The diclectric constant of typical commercial
Carbonyl . Iron cores varies from as low as 20 1o
as high as 00, or even moce. This, of course, is
high compured to coil form meterials wuch us phe-
nolica, paper and ceramics which huve dielectric
contants hetween 2 and 7. Ferriten, becaune of
many different chemical compositions, have & wide
range of dielectric conatant. Measurements teken on
typical ferrite materiala indicate the dialectric con-
stant to be un low 20 and as high us 460, The
average value used in commercial production of ~-f
end if coiln wnd transformers is probably between
these extremes. It is knrwn that same commercially
produced ferriten have diclectric constants an high
as 10,000 und dlelectric constant valuea as high
as 100,000 have been reported, but there is no in-
foemation available regerding the other character-
istics of theae special compositiona,

Tothe average coil desigaer, the dielectric con-
stant is not of too much importance I it is rels-
tively low we in the case of iron materials. It is
difficult to reduce the dielectric coantant of iron
compositions,  Femites, because of the almost
limitless body compositions offe. more latitude for
change, if, due to a particuler design, & core ha:

a high dielectric coustant should cause undenirable
capacity coupling between windinge of circuite
orincreasa the distributed capacity of the coil to an

unrounonable value, Bocavse each different body
compoaition usually requires ita own taols 1o allow
for whrinknge from the initiul pressing to the final
fuinge it in recommended that the coil designor
work with blish inl. ith

foe which tools are availuble,

I'he Curie temperatuce in defined ns that tem-
perature at which a mugnetic material ceasea to
have nugnetic properticn, Bocaune, in the case of
ferriten, thin may be in the uscful working < i
in ar important characterintic that can be a limit-
ation to their usage.

Ferite compositionn differ in trmperaturs
acterintic, Some have Curle temperatures as low aw
2501 und others greater thay 400K, In general,
Lulics having high permeability end lew{ have lov
Cuele tomperature and bodies having low permeability
and high Q have high Curie temperoture, Compositions
intended for use at higher frequencies generally are
of the higher Q type und tend to have higher Cucie
temperature.

PERMEABIUITY (RELATIVE UNITS)

I

MAGNETIC MATERIALS

The curves of Fig, 3-2 illustrate the vharacter
istic of permeability va, tempernture, Sume nmte-
rials zhow little chuoge until neur the Cwiiv tem
pecature (curve ) while others increame wpprecis
ubly in permeability over the untire trwperature
range (curve b) until the Curic temperature Iy teached,
An an canmple of the weful range, materinle having
a temperatwre_charavterintic resembling vove
could be used up to 300 or 325F while n nterial
illustrated by cwve *'e™ would be unvlul anly 1o
2501, A waterinl wuch wn b is of Tinle value wt
uny temperature unless mame form of comprnnation
in provided for u coil annembly nsing thin g
ition.

Observations ‘have been made of halien having
w negative tenperature characteristic alibougl they
are not believed to be produced commervially at the
preaent time
DESIGN FACTORS

In order to utilize u magnetic materlal o the

100 200
TEMPERATURE

s, p hil,

300

N DEGREES

»

of typical feerites
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ham -advantage, certain principles of design must
be cloarly understood, Basically, a given type of
powdered iron or furrite material has an established
trun permeability, How nearly this cor he realiand
In actual practice dependw upon th.- = and coll
donign,

The true permeability in determined by the
cloned-care (toroid) method, The eff permes
ability of any particular deaign of core more nearly
uppronches the true permenbility as the core cone
figuration approaches the toraidul, or closed core
conliguration, Concentrating the winding near the
caretends to reduce the ntray or leakage flux theres
by moen nearly approaching the ideal condition for
marimum permeability, See curven of Fig.3-3 showing
effective permeability of windings having varioca
formfactors all using the mame powdered iron core,

'he form fuctor (length to diumeter ratio) of the
core itwell is of extreme importance in realizing the
munimum effective pesmeability, The curves of Fig,
A~ Hluatrate the increaning effective permeability
an the length to diameter ratio increases. Perme-
ability tuners dewigned to cover the broadcast hand
tequire ulengthto diameter ratio in the order of 6 to

3

T

o
1

>
!

EFFECTIVE PERMEABILITY

TYPE OF WINDING

fir -

1 whea using common types of powdered iron, Ferrite
coren having highertrue permeability will also have
o higher effective permeability than will iron for the
same length to diameter ratio thereby permitting
tuners to be domigned with shorter core travel if
ferrite coren are uned,

The proximity of the winding to the core in also
nn important factor, The curves of Fig. 3-5 show
the decreasing nffective permeability as the ratio
of mean turn dinmeterto core diameter is inceeaned,

The effect of approachingthe toroidal o claned
core configuration in nhown by Fig. 3-6 wherein
cylindrial coren nre compared to open and cloned
cup cores for effective permeability.

Tolerances:

The coil denigner ahould always be cognizant
of practical mechunical tolerances on all elementa.
This is eapeciully true of magnetic coren, Modern
commercial manufucturing methods reault in well
established toleruacen since little, if any, ma-
chining other than external thread grinding is per-
formed subsequent to pressing. This means that
the core as preaned haw nofurther sizing operations

.Lr. e Lr_i—‘IT

=2 wlo
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Fiz.3-3 Typicul coil form factors with same core to illustrate variation of

effactive permeability,
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EFFECTIVE PERMEABILITY

TYPE OF ASSEMBLY

(a) eylimdrical core (see Fi,.33b)
(b) ane piece cup (see Fg.i-1b)
(c) thiew pivce assembly frce F.,.: 110)

wlj core in adj core out
(d) two pueve uxsembly (see Fig.3-lc)

Fig.3:6 Pemenhility for typical anxemblies,

with which to correct dimennional errorn, ‘The fuls
lowing tolecancen have hecome fairly well entah
inhed for iron coren:

External Diameter:

(Because of die wear coren tend to increans in
Hameter wo tolernnce in nlm,u ntated on ponitive
wide)s ives L3857 = 0007 ¢ 0057 (005" Iw jens
erally accepted regardlonn ..I diameter),

Lengeh:

(This is governed by peenning on ull Lut side
prenned - and requiren & larger toleranceh

uptos” long + 010"

over'3* ta 1" long £.018"

over 17 ta 1'3 " long £.0207

over 1% 10 2% " long £.030"

Internal Diameter:

Same as for external diameter except as o nege
wtive tolerance e, 1307 ¢ ,000 ~,005

It in suggested that the Metal Powder Axuos
clution " Tentative Flectronic fron Core Peolerred
Dimensional Specification' No.11-55T be conmnlted
for the latest infor mation on bove tolerancen, This
wpecification will be hept up-to-date whereas it is
beyond the mcope of thin manual topredict changen
that may take place in noemal commercial practice,

Ferrite corra being of a ceramic nature follow

a slightly differant tolerance pattern, In general,
the tooln wre muliject to wear as are iron-care tools.
The tolerance in generally stated as plus or minus
since wider tulerance is required to allow for the
shrinkage invalved between pressing and final
Accepted commercial practice is as fol-

External Diameter  ¢.005" or £1%

which ever is larger
Length 4.010" or £+ 2%

which ever is largar
Internal Dismeter  +.005" or £1%

which ever is largee
Since industey mtundurds for ferrite cores have not
vet been | d by un agency rep iog the
majority of peoducers, it is suggested that the de-
signer connull with the manufacturer of Mo choice.

Practical whapes are naturally those that ful-

fill the dewign requirements and are econamical to
produce, Since most cores, either irom or lerrite,
are proswed, it (s in the interent of economy to
utilize realily prensed parts. Round external and
internal shupea ure easiest to tool and  maint
Ilind holen whould have taper, the cloned end being
amaller of diameter than the open end, The leagth,
in the prouning direction, should by as short o3

practical and the length 1o diameter ratio whould be
hept us small as ponnible. Rall sections should he
o thick as poswible and preferubly not thinner than
3/64 inch,

Hollow cylindrical cores of either iron oe ferrite
sometimes used un external coil shichdn inanle of
metul cans are frequently extruded. 1t should be ree
membered that extruded parts can ouly be made
with a uniform ceosn mection, There canbe 1o tapern,
offsets o blind holen, This metkod of production
in relatively insxpensive for those types of cores
that arc peactical for extrasion.

TESTING OF IRON AND FERRITE CORES

Quantity peoduction of any component can he
expected to be no miee uniform than the matetials
and parts that ga into its construction. Thin is
enpeciallytrue of inductors and transformees having
high-frequency musintic cores, Tt is, therelare, ime
portant 1o the coil dewign angineer to be cettain
that the specificationn prepared for the magnetic
cores adequately dewcribie the mechanical and
electrical parameters and that unneceaxary teats
of tolerances that werve no useful purpose are nut
also included.

Mechanical:

Mechanical und phywical characteristicn are the
st to evalunte and should be checked firm, U
the mechanical limensions of the magnetic core
we not within the required tolerances the elec-
trical characteristicn we of little importunce,
Outside diameter, lengthund other eunily acces-
nible dimensions ure mowt readily meusured with o
micrometer. Inside diameters, blind hole depthn und
similar dimennions are hest inspected with plug
ages. Eccentricity of molded-in screws is meanured
hy chucking the core in u lathe or other wuitatle
lixture and meanuring the screw run out withanine
dicator gage (see Metul Powder Association Ten-
rative Electronic Iron Core Preferred Dimensional
Specifications No. 11:35T), In actual practice just
the opposite ia done, aince the core iv used by hol-
ding the screw and revolving the core within u coil
form. Mensurement ol core eceentricity by chucking
the screw introducces errors that are difficul to re-
concile between nupplier and user. For this reanon
the former method has been udopted by the majocity
of the industry,
Electrical:
The electrical parameters require speciulized

tent equipment, A ()-\leter and a Megohmmeter are
the most useful. Most jroduction and lahneatory

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

MAGNETIC MATERIALS

measurementn of permeability und Q are made with
the Q-Meter, Abmolute measuwrenentn are rrely used
but more often comparative meanurements are made
to u previounly eatablished standwd oe reference
core (Selection of stundurds is dencribed on page
3-10), Peemeubility and Qolerancen ate stated an
2 devintionn in per cent from the. e stablinhed stand.

Peemeability and Q:

In geneeal o tent peocedure whichupproaches an
nearly an possible the conditions under which
core will function hax been proven to he the mont
satisfactory, Thin i not always possible or prac-
tical, The peactical upprouch, then, in 1o use o test
coil which will best show up the mont important
parametees, Fhat in, if permeability in the most im-
portunt charucterintic for a given applivation then
the test coil shoslt ke constructed 1o best .li"»r-
entiate between small differencen in peemenb

The sane applien to Q o uny other important -h.-r
acteris'ic,

Examples 4 coil of approvimately the same
tength as the core weund on a thin wall tube pro-
duces the highest effective permeability, Used as
a test coly this winding can be expeeted 1o best
differentiate between small differences in permea-
bility,

Coren uned for wide range tuning (o cover
broadcast hand), having large length to diameter
ratio, frequently have a satisfaitory overall (or
total) permeability but 4o not have @ propee dis-
tribution of peemeability throughout the length of
the core. Such coren ure saidto be nun-homogencoun.

The maximum and minimum frequency coverage will
be correct but they will not track one with another,
[t is necesnary to classify such coren into groups
having similar permeability distribution if th

1o operute in cuacnded o usno

simplent way 1o uccomplish thin in to provids stops
in the bottom of the test coil used for the overall
permeubility teat 2o that coren can be matched to
reference core at intermediate pointa way 1/8, 172,
and 374 innertion,

A nomewhat more complicated hut alno more
satisfactoey  type of test in to enploy two iden-
tical teast winlingn. One winding han the reference
core and the other hus the core ta b tented, Fach
winding in in the tuned circuit of un oncillater, the
outputw of which are combined to produce w beat
freqiency. Aw the cores are simultanenusly moved
into their reupective coils un uudible note in pro-
duced if the frequencies of the oncillutors and, thern.
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foee, the permeabilities of the cores are not nlike,
Dy une of a suituble nudio fic quency meter the setup
canbe calibratedto indicute the extent to which the
permeubility of the core under test deviates from
standard and the direction of the deviation.

Sleeve cores such an thone used for nhielding
purpones are generully \ented for permeability and
)by inserting them innide of a test coil wound on o
tube huving un innide dinmeter which will neenpt
\he outside diameter of the nleeve, The winding
leugth in generally ahout 96%of the core tength and
the core is centered n thin winding.

Cup cores prencnt u more complex teat problem.
There ure o number of types, and each mumt be
trented in u different manner, The more common wre
whown in Fig. 3-1.

Type A, the theee picce assembly, is treated an
individual parts to avoid having to keep them un
unite during subsequent anse nbly. The center il
justing core having the werew insert is testedun
uny eylindrical core previounly described. The two
halves of the cup proper munt be tested au individual
pieces since there iw no mcans of conveniemly
handling them in pairw dusing normal manufacturing
operations. The usual procedure is to prepato & test
coil having the center coce and one cup (hottom)
with the winding on the centes core. The stundard
cup in used to complete the assembly aw o top
core. After the setup in made the standurd cup i»
removed and succensively r-placed by the cupn to
be tested.

Type B cups are tented by innerting the central
pin into a winding wimilar to that used in u typical
production ussembly, The C cups are similar in con-
truction except generally of shorter length and wre
commonly used in paira, This means that the outer
uhell and the center pin must be of identical length
10 avoid uir gaps either around the shell or at the
center pin. A jig using one cup as the lower elrment
with a winding on the center pin is the most con-
venient. The cores to be tested are placed on top
10 complete the cloned cup asnembly.

New sbupca uf coren will present slizhtly dif-
ferent tent-cail problems which can be nolved by
the application of the above principles and ideus.

After chosing asuitableteat coil and a stundard
core the test method uning & Q-Meter must be es-
tublished, It was e y sugg d that u test
P ] approximating operati 13
enerally most sutisfactory. This includes the test
frequency. It is common practice to resonate the
test coil with 100ppf wo thut deviations in cupucity
from the nominal value will repecnent percent of

tuning capacity which can be interpreted am porcent
of effective permoubility It is, of course, necensary
when designing the teat winding to make the in
ductance of the proper valueto resonate with 100ppf
at the desired froquency.

The tewt procedure is as followa: The wtandard
core is inserted In the test coil which in connected
to the coil terminaln of the Q-Meter und the main
capacitor dinl in net ul 100upf. The vernler dial is
set at zero, The frequency is then adjusted  for
maximum Q and the value noted. The atandard core
iw removed unid the cores to be tested innertod into
the test coil und resonuted with the vernier dial
(without changing the frequency dial or the maie
capacitor dial). The vernier wi'i accomodate w vari-
ation of + 3% in effective permeubility when the
main Luning capavitor i set ~t 100upf, Larger devie
ations from standard must be observed by leaving
the veraier dial at 2ero und resonating with the main
capacitor diul nuting the deviation from the original
setting of 100pul, The percentage can be computed.
(Note that an increase in the value of capacity in-
dicates a decreuwns in cffective permeubility). Q can
be read directly on the meter and compared to the Q
of the standurd core,

Resistance:

The renintivily of a magnetic-core material
pecially powdered iron, is also regarded as un im-
portant  characterintic. Normally, the tesistivity
could be A from simple of the
resistance briween the paraliel facen of & cube
of the material, but this method is nut practical
When dealing with commonly used shapew such as
cups and eylindrical cores. A mote practical test,
frequently used for production test purpoaca, is to
contact points on the core surface arhitrarily 1/47
apart, or under certain circumstances even on oppo-
site siden of u vore, and measure the rewintance with
a suitable megohmmeter. It is not uncommon for
highresistance cores to measure between 5,000 and
50,000 megohma between such test pointa, lrregular
haped cores may have high density sections caused
by Jivionn o I The
theae arean should not be permitted to be unrea-
sonably low. If a core is beoken, the resistance
should be subtuntially the same for all wections.
SELECTION OF STANDARDS

After the tent coil is chosen it is neceasary to
have a siandard core Lo use us a point of reference.
In most cunes this standard core will be furnished
bythe core manufacturer and willhave becn selected
as having average electrical characterintics. Pro-

duction parta can be expected to fall, within the
prescribed tolerancoa, on either side tothis standard,
1f a standwd core in not availuble from the core
mnl\\lh.lclwer it can Pe mclected from arapre.
" group, p y A ahly large proe
duction run, by the fcllowing method: An & 1 10
cardboard is ruled with linen wbout 1* apart running
the width of the sheet, The center line in marked
woro and lines to the right ate marked +1%, +2% et
and lines to left ars murked ~1%, ~2% ote,
A core is chasen acbitrrily and labeled tempas
rry standurd (for permoability) and the Q-Meter net
up. using this core. It in thes placed on the zero
line of the cardboard. 25 «r 30 cores are picked at
random and meanured and then placed on the card
board in the place reproncuting their permeability
with respect to the temporaty standard. After thin
in completed it will penerally be found that the
wajority are in a group which may or may not be
rlrnlrrcd around the original temparary mtandnrd,
The core neurcat the imaginury center of this group
lu. now seclected us the final standard for poeme-
! + providing the Q in about average. If the Q
varies conasiderably from core to core a sultable
Q standard can be then nelected from a group of
near nominal permeability coren by the same wethud
just described for permesbilisy. Th andard wee
locted should be appropriately tagged and weveral
duplicates selected for future use.

PREPARATION OF A PURCHASE
SPECIFICATION

l‘u order to inaure that the standard selected in
duplic.ted by any manufacturer who may be called
upon to produce the core, @ specification ades
quately describing the part must be prepured, Maiy
core specifications have bezn issued which are ale

i when ceitically d.A come
ation whould include the following:

1) A drawing showing all dimen=iona and lnll-

erancea incliuding color coding or other mare

King.
(2) Electrical apecifications to include:

(a) Permeability tolecance (Permeability to
be compared 1o approved standurd)

(b) Q tolerance {Q to be compared to ap-
proved stundard)

(<) Resintance (if required) and how mea-
sured.

(d) Teat frequency or lrequencies, capeclelly
to be used for Q. This should cover the
operating frequency range.

(e) Complete drawing and specification of

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

MAGNETIC MATERIALS

the tent cail unless supplied along with
the standard cora,
(3) Miacellaneoun

(&) Rumt provfing treatment, surfuce etching,

ot uther mpecinl requirements,

(b) Phymical strength requirementn and how

meanured,

(e) Precantionn reg & Tenintunee by pare

ticular nolvents or coil waves,

(@ Lubrication if required  {on thaewded
caren

(e) Other wpecifications s may be required
for wpecial application,

Tt should be woted that unnecesmary mpevific ation
should not he incluled just becaune the abus e
line mentionn & spevific item, .y if wuiven apphe
cation does not tequire the core to Lie mubjeried to
high bumidity nad il manples submitted by the vendor
ars suits thiie m iantle justification *> qiev dde-
tailed specifications on rust proofing treatment,

Ttis recommended that r-f core manufuvtureen o
their catalogs b conaulied before preparing final
core specificativnn no that mechanical dimennionn
and electrical munineds will conform to itema cure
.rcnlly in production oe for which production tuuling
is available. Speciul shapes andspecinl dimennionn
will require nuw tonling or apecial machining which
cao be expenmive operations with the connumer
bearing the costs
TYPES OF IRON PORDERS AND THLIR USAGE

The trial and ervor method was lonk uned fur e
lecting core materialn, Aw more and more wan learn-
-cd about the Lehavior of iron dust coren, und as
iron powdern were improved, the urt of puwdered
metal cores hecame entablished on a more avien-
tific basis,

. The modern e ngineer necd na tonger deprad upon
hit and miss methodnLut can choome w core material
based upon proven hnowledge af ita petfurmance
charactesiaticn. The wnajority of the.dron pawders
usedinelectrumic applications today cunhe gruped
into the following four general typen:®

L. Reduced

2 Electralytic
3. Oxide

4. Carbonyl

SRofer to Pig.3.7
theas types of Wik o
Commendations u high Y & various freuencion,
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Reduced lron:

‘Thin type iz peuduced from iron oxide such un
will ncale und chemically reduced i an atmons
phere of hydrogen or uther muitable gas, The final
product whichin u relatively pure iron is pulverized
by wrinding or bull milling and elansified un to por-
ticl mze either by nereening o uir-clanaification,

This also inciudes what in coramonly known as
sponge iron which unen ore un the basic materinl fur
reduction, This iron in generally recommended foe
une under one megacycle,

Electrolytic lron:

Thas type 1s provtuced from plate iron which in
lirnt electropluted on a suituble cathode, The plated
iron in then stripped from the cathode and pulvers
ised in a manner aimilae Lo that described sbove
for-teduced iron. Flectralytic iron is relatively pure
and has high permeability. The frequency range of a
fininhed core is momewhat dependent upon the pare
ticle mize and how well the individual particles are
insulated. In general, thin type of iron powder in
bent muited for application under 2 megacyclea,

Oxide:

Oxide (Fe,0,) sither natural (commonly known
as magnetite) or synt! ‘ic iw frequently vaed for
e+t cores. The nutural oxide is pulverized iron ore
und in gencrally of relatively Jarge particle sizes
It iw relatively inexpensive and can be used for
quite u wide frequency range. It has lower perme-
ability thun most other iron powders and is theres
fore not suitable for wide-range tuning purp, .

The synthetiz oxiden ure estremely line and
have relatively high Q at higher frequencies, Sorv
of these oxides are auitable up to 200 megacycles
or higher.

Carbons! Pouder:

Probubly the most widely known powder is the
curbonyl group. There wre weveral types, their banic
difference being particle mize and particle harde
nean, F 'we # definite usage and since at the
preasm e there are ut least ten types it is sug-
gested that informution regeeding frequency limite
ations be obtained from the manufacturer* of the
powder.T able(Fig, 3-7) shows values of pepp. Q and
frequency range for weveral of the more common
cwbonyl irons.

Brielly, these powders are prepared from iron.
pentacarbonyl F, (00, « yellowish liquid with a

¢ Antare Chemicals Divisios of Goneral Aniline b Film
orp.

312
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Y .

boiling point of 01,5 C. The iron pentacarbonyl is
decomposed at  high temperature and the starting
materiala, iron and carbon monoxide are re-lormed,
The resulting iron particles are of apherical shupe
and vary in dismeter from 3 to 20 micronn, The use-
ful frequency range varies from 50 or 100 kilucycles
to 100 or 200 megacycles, The smaller particle-
sizes are, of courne, uned atthe higher frequencies,
The spherical nature of thia materinl reaults
in many desiruble churacterintica, among which
are case of inmulating and presning. It in alwo ex-
tremely uniform and cun be depended: upon to peo-
duce finished coren to reasonably exacting npeci-
ficationa,
METHOD OF MANUFACTURE OF MAGNETIC
CORES:

It may scem that the coil design engineer has
little concern with the problems involved in insu-
lating and fabricating magnetic powdera or with the
manufacture of ferrites but a working knowledge of
thees operations can be extremely beneficial in
choosing the most suitable iron or ferrite core not
only from the standpoint of operation but from the
uniformity to be expected.

Iron Cores:

The manufacture of iron cores esaentinlly con-
sists of the following operations:

a. Insulating the powder

b. Adding the binder (synthetic resin)

c. Granulating and classifying the agglomerates

d. Preasing o extruding

e. Polymerizativa of the reain bindor

{. Final test

Any foem of purticle iasulztion tends to reduce
the effective permeability of the fininhed core and
to increase the Q by reducing eddy-curent losses.
If the insulnting medium is of the surlace-coating
type, i.e., insulating varnish or resin, it takes up
space that could otherwise be occupled by iron
particles in a fininhed core. If the innulation is a
chemical conversion of the particle surfuce, it re-
duces the pure iron vontent of the particle and the
converted surface occupies space that could other-
wise be occupied by active iron. The effect is the
aame in that the permeability is redured by either
method.

Resign Coating:

The simplest and most elementary method of
insuluting iron powler is to make use of the re-
sin used for Linding the particles together. This
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renin, gonerally n phenol-lormaldehyde, in applind
by wetting the iron partiilew with resin solution in
w wuitable wolvent, Thin mixture of iron powder
aml rewin is mixed until the wolvent is cvapoeated
wnd Inege agglomeraten are {oemed.

Theoretically, af cowene, ench purticle intheres

of resin, In practice,

It in imponsible to effoctively produce a high des
gree of insulation by thin procesn and it in gens
erally only used for coron intended for operation
wt lower frequencien (up to 1000 ke) where high
inwalution resistunce Iw not of paramount jms
portance, Surface eonintance hetween pointn 174"
apart may be us low wn 1000 ohma o lower,

Sodium Sil*~ate:

Another similar method uses sodium wilicute
which produces ralutively high insulation ene
wintance. Sodium wilicute In hygroscopic in nuture
wnd when exposed 1o humdity, the insulation tee
aistance rapidly decronses - a decided dinadvane
tuge for most applivutions, For this reanon, thin
method has been largely wuperncded by chemical
inwulation,

Chemical Insulution:

‘The moat effective innulating method isthe woe
culled chemizal procean, Wrielly, s unen wny ane
of weveral materialn (lquid), usually phosphoric
achl noiutions sometimen with the addition of ather
ingredients. The liquide react chemically with the
iron, producing un iron phosphate coating on the
surluce of each particle, This coating han high in-
sulution zesistance and ia reasonably tough.

This insulation provides no adhesive between
perticles and the usual phenolic resins or other
modin are used lor hinding the finished core to-
gether, Under normal toom conditions of temperas
ture und hemidity (70 ¥ and 50% relative humid-
ity), it is not uncommon to measwre resistunce
valuen between contact points on the finished core
nurlace 174" apurt of ten thousand megohme or
wreator, The insuletion renistance stands up well
under conditions of high humidity and can by used
up to 200 megacyclen or higher, A certain amount
ol rust proofing i lao provided by thir type of
insulation.

Addition of Binder;

ta the case of uninnuluted cores the firnt »
(or the second step for insulated cores) is the ud-
dition of the binder. This is usually a synthetic
realn, commonly a phenol-formaldehyde. For pro-
ceaning convenlence, most resins ace introduced

314

as a solution (dlwslved in a solvent) and mixed
withthe iron powiler ln w wuituble heavy-duty mixer,
"The reain content varies depending upon the ine
tended application undthe ntrength required, A roas
wonable averapn In botween 2 and 4%, Suflicient
wolvent is uned to enable thorough conting of the
particle surfacom Mixing in continued until the
nolvent in evaporated and the iron purticlen and
renin form a putty-like mans,

In ordur to obtain uniformity by prewsing in
wmuall cavitien which wre volumetrically filled, it in
necessary that the putty-like mass be reduced to a
fairly uniform particle nize — about like geanulated
ugar or table walt, Thiw in accomplistied by hammer
mills or other wuitalle cquipment cithoe while the
material in slightly dump with solvent o after the
wolvent has been removed,

Subsequent to granulation, the powder fu clanals
fied, generally by nireening, and the overnise and
undersize partivlew cemoved for further procensing.
The selected purticlen ure now ready for forming
into the required xhape.

Pressing  into final shups is accomplinhed
citherby mingle-cavity or multi-cavity preswen either
of the reciprocating ot rotary type. Many presscs
ure equipped 1o upply pressure at euch end in-
dependent of the other end thereby allowing the
maximum flexibility of adjustment to insure uniform
permeability from end to end, and reducing die fric-
tion in critical urean o that intricate whapen can
be readily fabricated,

The variety of shapes that can be preswed
varies from wolid und hollow cylindrical cores,
either with or withow screw inaertn in one end,
to the various cup and sheil cores having center
stems or holew for feed-through adjusting olemanta,
Fig. 3-8 showa lypical examples of end-presved
powdered iron cores,

Extruding is sometimes used to produca parts
anch as hollow cylinders having uniform cross
section, The powder ia insulated in the sume man-
ner as required for pressing but the binder is vae
ried tc give the proper plasticity to permit ex-
trasion through wuitable dies. In gencral, anlightly
moist (with wolvent) powder is required which after
extrusion is air dricd and cut to length,

After either preaning or extruding, It in neces-
saryto cure of polymerize the resin in order Lo give
the core mechunival ztzength, This in a-time and
temperatwrs cycle, The time and temperature are
dependent uponthetype of resin used, the size and
shape of the cors, sndthe ultimate strength desired.

The curing temparature must not exceed that

which will dumage the Iron particles o resin elecs
trically, and is generally in the range of 275 to
A50 . The time varies from u few minutes up to
24 hours or even mores

It whould be recognized that a properly cured
cuee in peactically innoluble in common solvents
wuch un alcohol, ketonen, and hydrocarbons, Thin
whoald be checked if coren wre to be used in cone
noction with coil lacquers or varnish impregaanin,

Alter the core in completely finished, it should
bo tented for clectrical and mechanical parameters
an previously leacribed under Testing of lron und
Fertite Cores.

MAGNETIC MATERIALS

Nearly all typen of powdered iron coeen can he
machined or ground providing reasonuble care and
proper equipment ix employed. Rough whaping may
be accomplished on atandard machine whop e quips
ment peoviding tungsten carbide tool bita are eme
ployed. Tron coren whould never he machined to
final wize but allowance shouldbe made for grinding
to final dimensions, et grinding may be employed
foe very fine finishea, Care should be exercined
whee dry grinding coren wince the extremely fine
iron particles ignite very readily from the heat
kenerated by grinding und will continue Lo glow
andburn, These firen often sturtin ventilating ducts.

Fig.3-8 Typical end-pressed cores

Nachining lron:

During the cowse of coil development, it is
often necensary to try shapen that are not readily
available or for which production tools have never
been provided. It denitable to fubricate much
whapew from more availuble furms without reaorting

to 2xpensive tool setups,

or in the chip punn of luthes or other machine shop
equipment,

For grinding, high rotational speedn are re-
commended. The following abrasive wheeln have
been found to produce satisfactory renulta:

“Radi

"POR-0S-VAY...0A46-1.2V0S  manu-
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tactured by A.P.DeSanno & Son, Phocnixville,

Pennaylvania,

“*Carborundum,,.GC<120-111VR” manulactured

Ly Carborundum Congpany, Niagara Falls, New

ok,

“Robertaon., KA-528-J5V  manufactured - by

Roberinon  Manufucturing Company, Trenton,

New Jersey

Eveninproduction quantities, certain nchining
operations can be peeformed economically. An ex-
ample is the varioun shupes of cup and slug cores
having external threuds used foe tuning i-f trana-
formers, Grinding equipment available mince World
War 11 hus made thin type of core economically
possible.

It should v remembesed that a running thread
is relatively eany 1o profuce wherean it in practis
cally imppssible to grind threads on purts having
more than ons externsl dinmeter. Fig, 39 shows
typical externully-ground threads.

Machining operations should be carefully con-
trolled so thut the surface pusticles are not dumuged
thereby short-circuiting one to unother whichreduces
the effective Q of the core.

Fig.3-9 Externally-threaded cores
FERRITE CORES:

Contrasted toiron cores, ferrite cores are manu-
factured by entirely diflerent procesnes, It waw pre-
viously shown that iron was the principal ingre-
dient of the iron core and the mugnetic properties
are inherent in this basic muterial. In contrust,
fervite materiuls we made from metallic oxides,
the kind und proportions depending upon the re=
quired performance characteristics,

These oxiden when peoperly procenned form a
crystalline compound having mugretic properties.
The banic i dient of all ferrites In Iron oxide
Fe,0,. Thin in combined with other bivalent met-
allic jona. Zinc in probably the next most common
ingredient and following that nickel, mangunese,
copper und lithium, not nccensurily in that order.

Recaune of the complex nature of thewe chemi-
cal . compounds many charucterinticn can be ob-
tained by proper choice of ingredienta and method
of pracenning. It in beyondthe neape of thin manual
to go into detail on the manufacture of ferrites, but
the Lusic stepw in producing a typical famite will
be outlined. The fullowing operations ure generally
followed.

{a) Mixing

(b) Calcining

{c) Milling

(d) Adding the binuer

(e) Grunulation aud classification

(D) Prewning o extruding

{g) Firing

(h) Final Test

The nelected oxides are thoroughly mixed
suitable mixer, such as u ball mill wo that there
will be un intimate conmtact between the various
particles. Thin mixing may be ecither wet or dry.
If wet mixing is used, it is necewsury to remove
the water from the resolting slury cither by eva-
poration or by the use of afilter preas, After drying,
the mixture in pulverized,

Following mixing, it is not uncommon to cal-
ciae, Calcining in heating the mixtwe in suitable

i at a P lower the
the final firing temperature to initinte the chemi-
cal reaction which converts the oxides Into a fer-
tomagnetic material and reduces the anount of
shrinkuge by driving off the chemically combined
wuter und volatile gasse:

Subequent to calcining, it is necennury to re-
Juce the resulting caked mass 1o powder. Following
thin operation, un organic binder in added and the
powder sgglomerated and classificd into particles
of muitable wize for preasing.

Instead of granulating the powder, it may be ex-
truded by an hydraulic extrusion prems into rods or
cylinders huving almost any uniform crows section.
These rods o cylinders are then cul 1o proper size
before firing.

Presned ve extruded parta are fired in an elees
tric or guw lurnuce at ubout 1300 €, The exact
temperature and length of firing in dependent upon

the material und the charncteristics deaired,

The materinl dors not display the final fers
romugnetic propertien until the firing aperation is
complete. For thin teanon electrical control tosts
cannot be performed until the final stage of manu-
facture. At thin poim, it is too late Lo wihe vor-
rections. Final tentn are very similar to thous dew-
cribed for iron coren, fie., permeability, Q, wnd
wechanical dimenwion,

ALHINING FERRIT

Because of the nature of ferrite material,coren
canonly be produced econamically by muchine prew-
ning or exirusion wning expensive toolm, Thin in
nomewhat of n deterrent to development work re-
quiring only a few mamplen of a given shape,

It is possible to accomplish certain operations,
mainly grinding, by the une of diamond grinding or
cutting wheela orby lewn expensive silicon-carhide
wheels  properly cooled by water or a soluble wil,
1t in udvisable to wtart with a piece as near to the
fininhed dimensionw ux ponsible and to griml threads
or perform the fowent possible operations, Lirent
cure must be exercined especially with pempect to
the pressure applied by chucks or other haiding
devices. The taterial in extremely brittle and will
cenck if slightly streaned.

FREQUENCY

MAGNETIC MATERIALS

1f the purte to be made are not camplicated by
thin sectionw, it Lo nometimes possilile to peeform
grinding or ather wachining operations prier to
final firing mucly more casily than they can be ace

lished on compl fired partw, Allowane
must be made for shrinkuge in the final firing ope-
rution, Partinlly fired parts are not as brittle but
neither do they dave the compresnive mrength of
finished purta,

CONCLUSION

The core technologien, the operational guides,
and the dewign wuggentions given in this mection
have been aimed more at providing practical ori-
entation for the denigner rather than at laying down
step-by-ntep inmtructions  for welecting specific
cores foe mpecific applications., The latter task, if
at all posnible, would require an exhauntive treat-
ment of the innumerable variations available in com-
merciul core companitions, and the endlenn combis
nations of electrical and physical cequitements that
could be demanded in practice (xize, tuning range,
inductance, Q, ewl ahape, etc.) which hear directly
or indirectly on tue serection of the core material.
The guidelinen furnished should tequice only one
udditional ingredicnt for the succensful nelection
of cores ~ namely expecience.

HECOMMENDED MATERIALS

Carbonyl L, NP
Magnetic Powders M1, Mi*.24
C.K, Killiama IRN-2, NN-31
Corbonyi 2, €. 0P, B
Magnetic Powdera MP-1
G, Williame RN
Carbonyl E
Carbonyl TH, SF
Curbonyl TH, SF
Cachonyl TH, SF, J
Carhonyl SF
C.K, Filliams IRN-8, IRN-9
Curbonyl SF

K, Rilliama IRN-3, INN-9
Carbonyl SF

K. Williama IRN-R, IAN.9

Fig. 310 Core Materials ilaving Migh Q at Various Frequencies,

.0ve date wae taken from 1he P inal Report by Radio Comuration of America
sC.

8.0

78, *“Btudy and Applic stion of RaP
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ELECTRONIC HARDWARE

Soction 4

ELECTRONIC HARDWARE

INTRODUCTION

An used in this mavual, the term electronic bard
ware i a broad and inclunive expression taking in
wuch items as solder lugw, terminals of all typew,
werew machine purtw, eyeletn, bushings, mounting
brackets, tension devicen, and voil form holdera = o
name o few. For wart of w hetter pluce, solder and
snlderiig fluxes are alwn included o thin iline
cunnion,

W i in the selection of wuch items s thome
listed above that the denlpner may casily wffect
hoththe price and performance of his unit. Overdes
sign = that is to suy, specification of purts with
accurncies or other featutew in excesw of ree
quirements — will rapidly run up cost on un end
item. It in also true that ton much uttention to cont
and not enough to the detailel requirements of the
wspecific application in quention may bring lreth
 traneformer whose performance will be fur below
anticipated standards.

MANUFACTURING PROCESSES

A \nusledge, however hamic, of the way in
which items are made can nsnint un engineer in
nuking o choice connintent with both coxt und per.
formance. Toward this end w nunber of manufuct wing
p s including punching, ping, rolling,
apinning, machining, die cunting, surface and conters
lewn grinding, and other of equal importance ure
briefly dewcribed in the following parngraphn. Sugs
gentions for economical practical denign proceduren
are included for most proceunes.

PUNCHING

Punching is a geneeal teron for all cutting oper-
ations performed on w punch prenn. In general, it
in u high speed operation mun: commonly curriml
out on atrip stock which may he either metallic o
non-metallic in nature. The work in done in puncly
prewnes of a size wiited to the particular job, and
the firal operation in unnally the result of leaner
openitions performed on the stock an it progreanen
throvgh the various stagen of multiple dies.

There are many conmon punch preas opee
atloaw = among them blanking, which conninte of

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

vutting the outwide vontoue of w punched pat Whea
w vatting operation in conducted innide w g hed
parte it s ealled poercing. Contour cutting wnd or

1l Blanking

picrcing of mateeinle wuch ax rubber, boad, filre,
paper. ete.are cartid out by pressiog o sharp, thin,
eel edge throigh the wheet material by u process
hnown s dinking. The apeeation which sheur a
punching from w atedjor bar in known an the cuteoff.
A wpecial form of plercing feequently uned fue lo-
catingterminal bonrtn withinu shicldin the jrocens
of lancing, which In a special form of pierving
where the enties contour in not cut but the blanked
matecial remainn an a tub.

o O

Figo 1 Piercing

ACCURACY OF PUNCHED PARTS

Punched purta muy be auid to have the act wacs
of the die that made them. Foe this reanon it in jm-
portant to connider carelully the uccwracy required
in the finished partn, an by wo -loing it in possible
to influence the cont w an i the life = of the e

Barring accidentn, die life in lareely o factor
of the dimensional variations that can be tolerated
in the punched partn. It in common practice in die
Aenignto anticipate wear and1o begin the operation
ofthe toolon that sile of the dimennional tolerance

1
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which in opposite to the dirsction of wear. For ex-
ample, when w hole is to be punihed In wirip stock,
the punch will wear more rapldly than will the fe-
male portlon of the die. As a ronult, the size of the
hole bacomen wmaller us the din wears. If a hole
with a diameter of 0.250 inch in to be punched, and
its dinmeter held with a toleranca of + 0.003 inch
the din maker would start the tool ot o point where
the hole would be running nomewhere between 0.252
and 0.251 Juch because he known that ua the
wenrm, the wige of the hole will gradually become
smaller; and by mtarting with it on o aewr the max-
imum olluwable dimension, tho ueeful litx of the
ool will be conniderubly extended,

[

E:wf:l

Fig. 43 Laneing

DESIGN OF PUNCHED PARTS

In the duaign of punched partw, it is well to re-
member thut blank ohapes should be conatructed
with true radil wherever ponnible unlcus the blank
can be made from strip stock with u cut-off tool in
which cuwe wquwre corners would be preferable to
rourded conern. Any projection on the piece or any
slot within lte contours should have u width at least
one and ona-half times the thicknenw ofthe material
when the material is 1/16 inch and heavier, and for
thinner materluls, sections shoulid be not less than
332 Inch for economical manufacture and tool
maintenance, To punch holew smaller than those
recommendel above would involve the une of punckes
teo fragile o atand up vndzr continious operation.

In the interest of both original tool cost and
tool malnienunce, round holew shuuld not be speci-
fied wn huving a diameter lenn than the materia'
thicknean, nue should any hole he wmaller than
0.000 Inch. ‘The distonce from the edge of a hole to
the edgo of either another hole or of the blank it
self should be at leaat equal to the thickness of
of the wtock and as much greator an in posnible in
ceder to avold distortion of the hule or of the edge
of the blank.

‘T avold excessive tool cont, tolerances on all
dimenalon of punched parts whuuld be as large an
possible. GGenerally apeaking,  tolorance of £ 0.010

42

R 8 i e s

i
.l R

inch on outnide dimennions and on the distance be-
tween holen will permit economical die manufacture
with & minimum of grinding uperations. It is inter-
euting to note that normal wenr of u blanking die
will renult in a larger picca, which fuct means that
outnide dimensions actually need curry only a plus
tolerance, while pierced openings, as has bean
previounly shown, grow smaller with wear and there-
fore noed carry only a minus tolerance. To be aure,
the hole in the die which accommodaten the piercing
punch alwo becomea larger with wear, thus serving
to increase the clearance hotween the punch and
and the die — a cordition which adda to the burr on
the finished part. For thone canen where excennive
bure will interfere with the wucceunful operation of
the port, the maximum allownble bur should be
apecilicd; however, the mmaller the permisnible
burr, the shorter the productive life of the tool,

Fig. 44 Rurr on punched hole
BENDING AND FORMING

The distinction between bending and forming
may be of intereat to a denigner Bending consists
of a plantic deformation which exceeds the elastic
limit of the material und in an operation which is
carried out by clamping the piece nlong one side of
the bending line and lifting it wlong the other side,
thus forcing o bend alony the edge of the clamp.
Forming in udie procenn in which the metal is mada
ta conform to the die shupe with the result that the
inner radius of curvature can be held accurately.
Forming may be an actby itaell of it may take place
within a multiple die whera It in casried out in con-
junction with piercizz, blunking, or other similar
operations.

Une operation which in particularly difficult to
control in forming a 90-deyrer angle. which menne
that il some deviation connit be permitted, the
necennary focming die will be greatly complicuted.
The grain of the metal is lmpurtant in either bending
o forming, and benda should be made atright angles
10 the grain of the metal wherever possible; others
wine cracking is likely to oecur along the bend.

SPINNING

Spinning s a method of forming round heet
metal partm at compuratively low cont. Mumi

copper, zinc, braon, and certuin wieeln, including
stainlean steel, nre among the materiale which are
commonly procansed in this munnee. The work in
carried out on a lathe similar to a wowl-turning
lathe except that it is larger and more powerful. A
form, usually of wood, is firse mada ta the exact
shape and nize of the article 1o be apun. Uustened
to the head-plate of the luthe, this form han u round
sheet-metal blank presaed againmi it by the tail
stock of the lnthe. When the machine in ntarted,
both the blank und the form are rotated nt relutively
high specdn; and the operator, beginning near the
center of rotation, uses either hurd wood or metal
rods to push the metal until it completely covers
the wooden form, thus shaping the denired object.

UPSETTING

Punch press operations are ‘not necessarily -

limited to flat stock but may be performed upon
wire. A relotively rommon procenn of this sort,
Kkoown as Aeading, i= an upsetting operation which
serves to gather & mass of material for producing,
for example, acrew and rivet heads.

UPSET HEAD

Fig. 45 Upsetting

Upsetting may be either a hot ar cold working
operation and s performed by holding one portion
of the metal and forcing other portiona toward it.
Coid Aeading in an upsetting procenn by which many
amall parts are produced in an economical manner
from wire mtock. In this operation, the material in
supplied in wire form, and the heading machine
takes the wire, cuts it off at the required length,
and carries it through the forming operation in a
completely uutomatic manoer at ratew of feom 150 to
300 pieces per minute. Any malleable metal can be
used in this procens so long ne it doen not work-
harden exceanively, Low carbon steel, low siloy
steel, and almont all non-ferroun alloyw work well
in this process.
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KNURLING

Knurling i» 8 cold working peocens In which o
scrien of xhurp serrations on n hanlened ateel roller
are premsed nto the materinl being \nwled. This
procenn b nwed toroughen surfacen for thunth screws
and other devicen to be turned by hand and aleo to
roughen the wurfuce of metal purte denigned for em
Ledment in plaxticn. Knurling in sometimen applied
ta the murlace of a stud over which a coil form must
be ‘peenned. In wuch cascn, the Lawl wervew to im-
peove the tightnens of the fit, wince the roughencd

Fik. 46 Knurling

suface of the mtud consinta eanentially of tisy
pyramidn of metal whick will deform wlightly, thus
peoviding w meana of minimizing the ellect of minor
varintionw-in the wizen of the two plecen. A second-
ary ndvamuge of knurling in this soet of appli-
cation i found in the increanad wtrength obt d
when the inating parta are cemented. This
provement In, of course, the renult of the masy
amall recennon in the metal in which the cement
can harden wnd cliog. .

The knuling operation is unvally performed o
screw muchines or on luthes.

DRAWING

Drowing in a stretching procean which may be
performed |n two ways. In one method, metal is
pulled through a die as in the manufucture of tabe:
rod, of wire. In another form of drawing, material
in preaned into  die by & ram which causes the
material 1o drag along the walle of the cavity, thus
moducing cups or shells. Tt in this type of deep
drawing which is usedin the manufacturs of the
shield cann commonly used in elecironics.

ROLL THRIADING
Clonely related to heading in the procens of

roll threading. This operation in carrled out by roll-
ing the part to be threaded between iwo hardened

b AR i B A IR




Declassified in Pa

- oved for Release

POOR

043R00310023000!

ORIGINAL

Port ), MATERIALS GF CONSTRUCTION

sorrated, plane dien that form the threada by squee-
2ing the metal wnd cuusing it to assume the fum of
throads. The blunks are fed automatically, making
this & high-praduction, low-coet operation which
peoduces thrends masting the requirementa of a
Class 2 Fit and which are actually atronger than
cut threads.

BXTRUSION

It is froquently desirable to provide for threaded
holes in relatively thia stock. Thia is done by call-
ing for extruded holen which are formed by u swedg-
ing procens whith is actually a cold die-forging
operation in which metsl is confined and thua forced
to flowinto a cylinder of sufficient length to provide
the number of threads required for safe operation.

Fig. 7 Example of extruded hole
COLD ROLLING

Cold Rolling s & drawing operation camied out
between rolls to which no tarque is applied. This
operation In performed below the recrystallizatica
temperature for the purpose of achieving smaller
size, closer tolerances, increased handncss, and
higher tonaile strength. A majority of the strip
atock an) shuet stock used for metallic parts in

! i t is of the cold-rolled variety.

9 .l

LATHEB WORK
There is probably ao single machine of greater
versatility and more overall usefulnows thaa the
engine lathe. The basic lathe operation connists of
twraing cylindrical forma by rotating the work a-
gainst the cutting tool which is arranyud to move
parallel to the axis of the work rotaticn. By moving
the cutting tonl perpendicular to the axis of ro-
tation, it ls posaible ta form plane surfaces and to
cut off the work, Drilling, boring, reaming, tapping,
threading, cotouring, and knurling are emong the
perations which are ly performed upon en-
gine lathes.

Metaln. wood, and plastics tay be ensily work-
ed on a lathe by selecting the proper tools and
speedn. Ceramic materials in the green (unfired)
state, glanu bonded mica, and puwdered metal ob-
jects, wuch us the iron cores toe wno at radio fre-
quencium, may also be worked on u luthe, but in the
use of such materiala care munt bo tuken to avoid
dameging the machine by the abranive action of the
dust facmed by the machining procens. It is im-
portant to keep all parts of the lathe as free from
thin dust as in possible and particularly to keep
the wayn clean and well lubricuted. The dangers
of wour due to abrasive dust wre even greater in
the cane of materials such an ferrites which are
often threaded on a lathe by means of a tool-post
grinder.

SCREW NACHMINE PARTS

So-called screw machine parta are relativel
common in precision-built electronic equipment
Thene are parts which are formed from rod or bar
stock of various cross-sections and may be in the
foem of bunhings, studs, scrows, or other shapis
which would normally be formed on a lathe. A screw
machine is esscatially aturet latho operating in an
automatic manner and performing a required series
of operations in aequence. Aa  general rule, auto-
matic acrew machines are used only for large quanti-
ty runs nince tooling for each part in an individual
alfair and machine set-up is a lengthy and involved
proconn. Turning, drilling, throndlng, tapping, and
and counter-bocing are among she operations which
aro ly perf: d on nutomatic screw ma-
chines.

In the deaign of small parts to be made on an
eutomatic screw machine, care ahould be taken to
avoid square shoulders end sharp corners oo the
fininhed picces. Acceptance of purte bearing ** ma-
chine finish " is alao important for reasons ofe-
conomy, since grindicg is ot puaaible on a screw
machiae, and to insist upon a ground fininh woald
pecennitate transferal of parts from the screw ma-
chine to another machine for the grinding operation.

DRILLING

Drilling is a process which s a0 common that
it will nat be discussed hers In uny detail. How-
ever, it in well to remember that good design calls
for the use of drills of standard wize,the avoidaace
of unusually small drills, the avoidance cf deep
holen and bli.d holes (those In which the drill does
not break through the material), and, if blind holes
are a design necessity, allowance of space i the

drill point at the bottom of blind holes. A drill munt
Pu considered an o roughing tool and not an nfinish-
ing tool. This meann thut it holes wust be fininhed

Counterbore

M

Fig. $9  Countersink

on the inside, reaming is a required operation.
Drilled holes may be enlarged cnnqmmc.'ﬁy for n
portion of their longth by the useof a counterbore —
a tool consisting of a series of blades which cut
only on the ends. A counterbore is led into the hole
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by a pilot which in alightly smaller than the drilled
hole. A countersink is used when it in denired to
chamfer the edge of & drilled hole. Thin in often
done to remave the burs from the edge of a hole
or to provide eany entrance for u tup,

TAPPING

Tapping in « finishing operation used to pro-
duce an internal thread in a hole. A tap consiste
of aeveral cutting blades attached 1o a wupportiog
body. The ewl of the tap which enters the hole is
beveled for a distunce of from two to five times
the diatance between threuds. Tt in thin beveled
portion whichduen the cutting of the internulthread,
and the remainder of the tap werves to drive the
cutting end into the hole. The mujority of the chipa
formed by the tapping operation go ahend of the tap;
hence inblind holen provision must be mude for ac-
cumlation of these chips at the bottom of the bole.
Tapping in made ennier if the hole is countersunk
first, and gool design calls for the une of stondwrd
threadn of « it no more accurate than is abnolutely
necessary for the nuccessful operation of the part.

THREADING

Externnl threads may be produced on a lathe by
the use of a single-point tool. The more common
method of producing external threads in by meann
of a thrending die, conaisting of meveral cutting
blades beld in wuch a manner that when rotated with
respect to the article to be threaded, thrends of the
required characteriatics are cut on the outer susface
of the materisl. Frternally threaded purta should
utilize a standard thread, and a chamfer should be
peovided at the wiart mo that threading will be fa-
cilitated.

The accuracy of Tit of threaded partw has been
covered in Screw-Threcd Standards for Federal
Servires = w publication which is uvailable irom
the United Stutew Government Printing Office. Be-
youd the general reminder that acrew threads are
classified into Cluna 1 through 5 Fita, with alarger
oumber indicating a closer fit, the reader is left 1o
refer to the wbove-mentioned publication for more
specific information regarding threwd {orme and
tolerancen, Ulann 2Free Fit is mont conmonly vsed
thread in practice,

GRINDING

Grinding is a very common finishing process
for metallic and certain plastic parts. For those
cases whete machine finish is not acceptable,
grinding iz mowt often apecified. Materials which
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ure too hard to pormit ordinary machining = fereiton,
for example ~ uro unually whuped to final form by
grinding.

The actual procesn of grinding in ¢ ried aut
Ly a grinding whael which iv made up of tiny parti-
cles of cryntallive grit bonded together by w -
terial wuch un rubber, shelluc, or phenolic ronin.
Ior bent renults, the cutting sarface of the oelw
should travel at u wpecd of between 3000 ana 5000
feet per minute,

The nature of grinding wheels in such that they
muy be considered na self-nhorpening cutting tools
wince as the suclace ‘grita become dull, the in
creaned forcen needed for cutting uervo to toar out
the dull particles und expose new, sharp gritn with
which to continua tha cutting procens.

A great advantuge of grinding an u procinion
linishing process is found in the thinnenn of the
chip which may be taken. Actually, it is neconniry
only to exceed alightly the thickness of ihe cutting
edgen of the grit, which, in the case of fine wheela,
means an excoedingly thin chip. This fact coupled
with the very light whoel pressures roquirod mukes
wrinding an idoal moans of extremely accurate ma-
chining.

CENTERLESS GRINDING

Centerless grinding is un operation of Interest
to the electronica danigner because of the fact that
it in used an o meana of sizing tubiag used for coil
forms. This operation is carried out on a machine
conaisting of three bunic parts - the grinding wheel,
the regulating wheel, und a work rest. Since it hus
no shoulders, tubing can be centerleas ground by
the ““feed through' method in which the work in
pansed fram one mide of the machine to tha other
between the wheels, entering the machine with vari-
able OD and poanibly with an uneven surface, mnd
emerging from the machine with a uniform O and &
umooth, ground surface.

-—

Fig. 410 Centerless Grinding

The principle of the machine in simple with
the grinding and regulating wheels rotating in the
same direction und with their outer surfaces ae,
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ratédhy adintance nomewhat lean than the diameter
of the piece belng ground. The renult of this ar-
rangement In that the picce which in being ground
in supported hetween the wurfacen of the two ro-
tuting wheolw und u tool rest extending upward be-
tween the wheeln, With its rotational wpeed end
rute of progienn through the machine controlled by
the reguluting wheel, the work receiven a fine,
dimensionally accurate finish in u procens well
adapted to the large scale production of eylindrical
purts,

LAPPING AND NHONING

For thowe canes where finer aurfucen or closer
tolecancen than cun be obtained by grinding are re-
quired, Lupping or Aoning will wsunlly prove satis-
Tactory.

Lapping ia  proceas utilizing fine ubrasives
curried in il and applicd to the work murfuce by a
device called « lap. Laps are unually made of a
metul which in womewhat porous and woft - lowd and
and cast Iron wre common muterinla = und shaped
according 1o the surfuce which in to bo lupped.
Lapping In done with a reciprocating motion and
produces un extremely fine fininh on the work.

Moning i finishing procean mont often applied
to internal bLores. A kone conaista of ane or more
aticks of fine-grained, bonded adhesive which are
applied 1o tho work Ly a combination of recipro-
cating and twinting movements. ‘The remult is &
somewhal crinacrons aurface pattern of fine grain,
Honing is u meunn of maintuining very close toler-
ances.

NILLING
Milling in & process whereby excews material

in removed from ‘a pieco by meann of u revalving
cutter of nn appropriate size and nhape. Milling

Fig. $-11 Milling

cutters are available in a wide variety of forms in-
cluding the pluin milling custer which cuta only on
the periphery and i particularly uneful for machin-

ing flat surfacos. Foe milling keywayn, alotw, o
grooves a side milling cutter is used. Cutters of
thin type ure supplied with teeth not only on the
outer circumference bul on the sides us well, thus
having three cutting swrfaces in contuct with the
work,

Fud milliag cutters, supportedand driven at one
end and with teeth va hoth the periphery and on the
end, ‘ure uscful for reaching surfaces that cannot
be reached with conventional cutters, While this
type of cutter cannot hore directly into a picco be-
cuuse of lack of icoth at the center, it can provide
required radii within cavities, machine flat Npots
o3 sliping surfacen, cot aviay the radiun left by a
side mlling cutter ut the end of a keyway, and per-
focm other similar operations.

Fig. 4-12 End Milling

Combinations of various sizcs, whapes, sad
types of cutters are often used to muhe wpecial
contours in a mingle opecration, while form cuttes
can be employed to provide curved or utherwic.
special crosa-sections.

In the denign of purts that mustbe made by mill-
ing, it is important wherever possible, to allow for
the use of standurd milling cutters, thun uvoiding
the expense und deluys iavolved in procuring
special cutters,

BROACHING

Broaching is & very fast and relutively wimple
means of providing  desired contour = unually in-
ternal, although musfuce broaching in becoming an
increasingly common operation. The procens con-

of pushing o pulling the tool, caited the
broach, through {or ncross) the work. A brouch re-
sembles a coarse file in that it is provided with a
large number of cutting edges so wrranged as to
gradually change the contour of the wurk from that
of the original pluce to the desired final form.

Broaching is a fast operation mince one pass
over tha work is all that is required, The pieces
are left with a good finish because the tool has
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fine teeth in that portion which im lust In contact
with the work. For the most purt, brow i

ed to large-scul: operations mince

and the machinery for using them wev initially ex-
pensive. -

IMPORTANCE OF PROCESS 11 ORMATION

It is recognized that the foregoing wre by no
means the only ways in which the wany amall, re-
latively precine parts used in electronic components
are machined or manufactured. The primary purpase
of thin dincnsion of fabricution methodu is purely
to make an engincer engaged in the dewign of high
frequency trannformers cognizant of wome of the
problemn fuced by those who munt produce his com-
ponent purtn. It is common kuowledge through-out
the industry that far too often w denign engineer
will work out u new desigs in hin laboatory. foe-
getting completely that while there 1n no purticular
problem connected with making one or two of almost
unything, theee well may be werious problems con-
nected with quantity production of the sume items.
It is hoped that this discussion, brlf though it may
have been, will help to prevent inmuance of speci-
ficationw which are not practical and therefore must
be revined at the cost of both time and money be-
fore production can begin.

TERMINALS AND SOLDER LUGS

Terminals und solder lugs ure uvailuble from a
number of wources® in u wide variety of wizes and
shapea. Almost without exception, the material
used in thene very necesnary bitw of equipment is
brass. In the case of wmall moider Jugs or pround
steupn, copper is sometimen uned; und for those
cascs  where muccesaful operatinn depends upos
speing uction, beryllium copper may be specified.
As will be pointed out later in thin aection, the use
of any metal other tkan one of nun-forrous compo-
sition will make soldering difficult even though the
aurfuce be ol lated with un y 1d
metal,

Cood tersizal design involven certnin peactical
considerations. To begin with, it i Leat to utilize
existing forms und sizes of terminala ratker than to
inmint upon new designs unlnss the new terminal
will materinlly improve the performunce or the use-
fulncun of the end product. Torminuln which can be
producedby other thun luthe o screw machine tech-
niques are highly demirable from # cost angle and
Y Alrcraft-Murine Products, Inc; Baad Chain Menuacturing
Company; Condwidge Thermionice Carpinmtion U.S. Engineer

ing Congeny, Zierick Manulectising Cuwpurstion; and memy
others,
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rurely is there n need for greater accurncies in di-
mensions than can be obtained from wpwetting, cold
heading, or other similar and moce nconomical
proceanes.

It is importuat to remember that a well-designed
terminal will make it eusy to connect lewd wires in
a manner wuch un 1o make the connection mechani-
cally secure hoforo soldering = u requirement that
is extromely Important. The mize and type of the
wire which will be used for the connection must
be conuiderad, Ganerally speaking, the use of termi-
nals with Nalos through which the wires must be
pushed in not tecommended becauns of the extra
expense involved in this operation. Vhin fact is
enperially true for those cases where niranded wires
are used wince only a slight excons of wolder on
the wire following tinning or a bit of funning of
the individual mtrands will often be wulficient to
prevent entrance of a lead into a torminal hole.

In connoction with terminal donign, it is well
to give some conmideration to the moans to be em-
ployed in holding the torminal to its insulating
board. The mont common methods of fastaning termi-
nals can be listed under the four goncral headiags
of fastening by the use of screws, riveting, spinning,
and staking.

Of the ahove listed methods, the most expensive
and the leant uned is probably the method involving
the use of ucrows. If a screw in to be uned to hold
a terminal in place, it means that the terminal must
itself be eithor tapped or threaded, an the case may
be. A lock washer is required if the torminal is to
remain tight vnder normal conditiona of une which
meana additional parta to handle and a resultant
increase in coat.

Fig. 4-13
Riveting as @ means of mounting terminals
Kiveting Is u process whereby that portion of
the terminu} which protrudas through the terminal
board is crushed, rolled, or otherwise deformed in
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suchn maancr as toprevent withdrawul of the termi-
anl., Properly done, this mothud provides adequate
holding power. Two methadw uf preventing rotution
of a riveted terminal are ofien wiod. One method
culla for the use of square holew in the insulating
board wo. that the riveting netlon will cause the
metal to crowd outward and Inte the coeners of the
wquare, thus effectively proventing twisting of the
terminal. A second method for Keeping terminals
from turning requires either w hnutl or a set of uer-
rationn of the shoulder of the terminal which is in
contuct with the surface of the plustic or other insu-
lating material to which the terminal is attached.
Foe mont npplications, either uf thene methods will
be found wutisfactory.

Spinning in a slower, more expennive method
.of anchoring terminals in whivh that portion of the
metal which extends through the hole in the in-
siluting bonrd is not crushed but lustead in actually
rolled by means of a rotating teol until it is in
contuct with the supporting hnae. Adapted only to
thoso terminals which have hollow shanks to ac-
commadate the pilot of the wplnning tool, the process
not only anchors the terminals wecuraly but at the
sumo time eliminaten from the deformed portion all
protub and general rough Cloaely re-
lated In nature to the Apinning procens described
carlier In this section, when properly performed, it
renulta in uniform, amooth, woll-formad, tight *“*roll-
avera™ against the insulation, In the case of com-
ponenta which will operate at very high voltages,
spioning iw often resorted tuaa a means of reducing
the polnts from which corona may originate.

Spinning s a means of mounting terminals.

The process of spinning In curried out on ma-
chines resembling drill prennes and involves the
use of tools of varied dewignn und aizes according
to the purticular teruiinal whith In 1o be spun, As
might be expected, the nature of the operation is
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wuch as to require more time than riveting or stuk-
ing: hence it in not wine to wpeeify that terinale
whall be mounted by xpinning unless it is comnidor-
ed vital 1o the porfumance of the unit to have ull
serminaly free from imregularities and projections.
It should further be noted that common denign
practice often calln for the applicution of nolder
to terminals, froquontly at the end by which they
are attached, und thin wolder, properly applied, can
wlmost always eliminate completely the need for
wpinning terminaln to the inwulating bourd.

Staking i w very quick and generally efficient
means of mounting properly designed terminala. In
wencral, this procenn in limited to terminaln whi
are flat and rectangular in cross seciion. The oper-
ution is performed in w press and requiren the use
of toals specinlly denigned for the particulns termis
mal andapplicution. The process of staking consints
of dinplucing a certuin amount of metal 1w way
hat anchors the terminal to its supporting wirluce.
Becunse of a geoeral lack of resiliance in both the
rerminal. and the immulator, it is difficult to keep
ataked terminals wulliciently tight to prevent move-
ment, This featws wlone in sufficient to tranafer
emphasis from this type of terminal attachwent to
ane of the previously numed methods.

Fig. 415 Terminal Mounted by Staking
MOUNTING BRACKKTS

Mounting bracketn and similar piecen of hard-
ware are usually stamped from cold-rolled steel ul-
though brass is sometimen uned, particulurly in the
smaller sized piocen. As supplied commercially,
hardware of thiw wort iv mowt often cudmium plated
after being punched from strip stock.

CORE DRIVE AND TENSION DEVICES

The increaned une of permeabilitystuned tranae
formers ban remulted in u nunber of fundamental
types of devices for driving and controlling tennion
(torque) on the corew which tune the unitn. Not only
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must there be a means of moving the core with re-
spect to the coil, but provivion must also be in-
cluded foe holding the core onve it han bren proper-
ly located. In other words, u core drive mechanism
must provide buth threads and tenvion. ln certain
instances u third task is given theae devices —they
are called upon to hold the coil form as well s to
provide drive und tennion for the core.

Devicen of this latter type ure uvailable in a
pumber of sizen from ut least two nources® in this
countey. The dewign of these particulur pasts has
been fairly well standarized by the munufacturers.
The mutetin] uned in steel, no trented un 1o provide
satisfuctory npring nction without the brittleness
which might lead to Lreakage. Reference to Fig.
4216 will show how, an theue coil form holders are
locked into ponition, they grip the coil form tight-
ly = an operation thut is facilitated by tiny points
bumped out from the surface that contucts the coil
form.

Depeading upon the manufucturer und ulso some-
what upon the wize of the unit, these combination
coil formholdern nad tensiondevites drive the core
screw by one of u variety of punched shapea which
surround a hole of a diameter approximately equal
to the pitch diumeter of the screw. Since the m
terial used in muking thene parts is relatively thin
(usually about 0.010 to 0.012 inch), to drive the
core it is necensary only to make those portions of
the device that ure immediately around the center
hole conform 10 the thread shape, since the thick-
nesa of the: material allowa ihem to fii between
succennive threads «f the core screw. Tension thea
becomes u mutter either of de
tween the core screw and the formed porti
the device which make up the threuds, or,
commercia! version, it is derived from two tension
fingern which rub against the core screw at a poist
somewhrs outwide the main body of the device. Since
tbese tombinution coil form holders and tension
devices are made from a flexible metal by a stump-
ing procens, there is sufficient uniformity among
piecen to inwure reasonable copnistency in the
torque of the core acrews.

Mi'lions of these devices lave been used in
commerciul applications within the electronics in-
dustry. In a majority of cascs they have provided
satinfactory performance. In the came of military
equipment, howvever, the requirementn for resistance
to sheck and vibration are such as to cast serious
doutts as to the windom of using this type of tea-
sion device in military applications. This is troe
*The Palnut Compeny snd Tinnerman Products, lne.

49

b2 i AN




Part I. RATERIALS OF CONSTRUCTION

lurgely Lecause the cora scrow ia held by only one
thread ~ a condition which leaves the ansembly
eapacially vulneruble to vibration unleas the core

whea the wawsher is applied to. the ncrew in the
manner of & nwt. The washers themsolves ure spme-
what spherical in ahupe with cutouts in the form of

LOCKING TADS

Fig, 416, Example-of combination coil form holder and core tension device.

i & tight fit within the coil form, which in itwell n
poor design practice,

Another form of tension device frequently nand
In commercial applications is that known in the in-
dustry as the unbrella washer.

Umbrella washera nse available in w to fit
the standard screws normaily used in powdered
lron cores. As iw the case with the previously de-

QUTLINE BEFORE
COMPRESSION

THREAD BUSHING
CORE SCREW

Fig. +17. Umbrello washer used as core tension
device

scribed combination coil form holders and tension
devices, umbrella washors are stamped parte baving
sections »o shaped am to engage the screw threads

teeth around thair owter peripherien.

To une th!y form of tension device, the core
screw is fitst threuded through a standard bushing.
"he umbrelln wanher is then screwed down over the
core screw until its periphery contacta the shield
can or base which carries the bunhing, Since the
washer is made of a apringy materinl wuch as be-
eyllium copper or wpring brass, tightening it against
the base comprowses the washer, thus applying
tension to the nctew as a result of the siresaes set
up betweon the washer and the bushing. At the
same timo the teeth are digging into the bane - usu-
ally providod with radial serrations o holes — thns,
effectively praventing rotation and aubsequent
loosening of the waher. Fig. 4-17 ahows the oper-
ation of thin typeal tension device und the streases
that are develuped in producing the tennion,

Study of the ubove-referenced drawing will show
this type of tenslon device to be depondant for its
ion upon the ibility of the washer.
Should the wawher collapse ~ as it may if over
tightened~ no tennion will be applied to the screw.
It is therefore apparent that the tennion imparted to
ascrew by anunlrella washer is largely determined
by the phynical properties of the metal from which
the washer In made.

Some yearm ago, this type of tenslon device
was extremoly popular in civilian applications.
Recent yearn huve socn the development of simpler
and cheaper mennw of providing tuning cores with
sufficient tennlon for average operating conditions.
The principle upon which this device ls based is
sound, howevar, and for certain very small deuigns

Cixie i

where size and weight ure important, it is entirely
posible that the umbrella washer could provide
natinfactory tension in military components.

Next on the list of ways in which torque control
cnnbe impurted to u core nerew might be listed 1he
D.spring type of tennlun device. The principle of
operation in a Dewpring tension device in mimple,
The device is mude up of u threaded bushing of u
length sulficient to lenve room for a slot extemling
a little less than hall way through the bushing at
approximately right anglew to the uxis of the coce
nerew. The width of this alot is such us to provide
clenrance for s D-shaned clip made from spring wire
of u size that will eu, 1ge the threads of the werew
and locate itself at ubout the pitch diameter.

POINT OF CONTACT
WITH CORE SCREW

SLOT AND
D-SPRING

WNTING

% e CORE SCREW

Fig. 4-18 D-apring type tension device

Two schools of thought govern the deniga of
of the slot. The firnt group holds that thin slot
should not be cut ut exactly right angles tothe
uxis of the core mcrew but rather should be purallel
to the threads of the mcrew. If the Lushing in de-
wvigned in this munncr, tension becomes wimply &
matter of holding the mcrew against the back side
ol the bushing with the resultant tension on the
werew a function primarily of spring strength, bunh-
ing length, and the finish of the threaded parts.

A second group in of the opinion that the apring
slot should be cut axactly 90 degrees from the axis
of the screw 80 that tenaion hecomen a mutter not
only of contact with the rear area of the tushing
but also of forces developed as a result of u deo-
liberate misalignment of spring and threads, It is
true that thread wear is momewhat aggravated in this
deslgn, but since in the average case it is nnt ne-

ELECTRONIC HARDWARE

cesnary totune & transformer at othor than infre-
quent iatervals, the ‘extra wear cauned by the slot
ungle can be connidered inconsequential,

The major weaknean in both demigns liew in the
fact that in order to fit between the threadw of the
core screw, tho wire from which the apring is made
must be of relutively amall diametes. In view of the
pressure. exerted by the spring upon the core and
the fact thut tuning in accomplished by relative
motion between the wcrew und spring, it is upparent
thut it will be exteemely difficult to protect the
wpring aguinst ruxting and’or the effects of a cor-
rosive atmosphere. Steel springs  protected by
cadmium plate followed by kridite or other protective
finish ure probubly as matisfactory am any, and un-
lens subjected to un excess amount ol udjustment,
should provide wlnquate service.

The performance of D-speing type tonwion de-
vices ia generally watisfuctory. The action of the
core is smaoth, and torque can unually be held
within reascnable linita over a conmiderable poriod
of time, ax han byen demonstrated in aumerous ci-
vilian and military applications.

For thowo cames where the ultimate in peo-
tectiou aguinat the cffects of shock of vibration is
a denign requisite, the usc of a split bushing pro-
vided with a locknut in indicated.

As shown in Fig. 419, the banin of this type |
of teasion device in a bushing with four slots 180
degrees apart  extending the greater part of its
length, threaded on the inside to roceive the core

4 SLOTS 90°5Acu7

Fig. 1:19  Split bushing tenaion device

screw and on the outmide to receive a lockout. The
outside thiends ure slightly tapered no thut as the
locknut in tightrned on the bushing, the two thread-
ed portiona ure compressed aguinwt the core. Dy
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controlling the tightneas of the lockout, any desired
dogroe of torque can be applied to the core, or it
can be locked against all rotation.

For those coses where oxtreme conditions oi
shock or vibration are amticipated, the use of a
Tocking nut with a Nylon or fibra inaert’, or of two
nutw tightaned one against the other, can be used
to provide - and hold ~ almoat ury degree of torque
up to und including locking agulnnt all rotatioa.

A major objection to this type of core driva
liew in itn expenne. Not only must the bushing be
formed, tapped, and thrended - ull operations which
can he performed on an automwtic screw machine
~ but the slota must be cither milled or sawed ina
eepurute operation which addw greatly to the cost
of the bushing. A second objection to this type of
tennion device is the necennity for two dilferent
tools when adjustments must be made. Depending
upon the form of core wcrow wsed, previously de-
ncribed tennion devicen require only a screwdriver,
socket wronch, or other tuning tool to operate the
core acrew. In the cane of a aplit bushing equipped
with a single locknut, some mort of end-wrench is
uoedad, and the tuning process becomen consids
erably complicated.

W is generally conceded that this type of core
drive with its one or two locknuts provides the beat
cuntrol of tension and locking that is presently
available. The expenso of the required purts and
the complications attendent upon their use have
aroatly retarded the acc~ptance of this type of core
drive in all but the moat critical componenta. Since
the probabilities are that mnother tension device
of eimplec construction will, in most instances,
prove adequate, it scems wise to recommend that
that wplit bushings and {ocknuts be specified only
when no other aystem will prove the required pro-
tection against shock and vibration.

An inexpensive veralon® of the split-bushing
typs  of tension device in ehown in Fig. 4-20.
Stamped from steel strip stock by a combination of
procesues, a single part in formed which provides
both core drive and tenslon with the drive ccmiag
from threads on the inner surface of each of the
two extruded portions extending upward from the
bawe. Tension of torqua control is developed by the
peensure of the two threaded half-sleeves which
are 6o located as to ba pushed apart alightly when

R1astie Bopnut Corporation of America, 3330 Vaus Hall Rond,
Union, New Jersey

“Tirnsrmen Producte, Ins.

a core acrew in innerted. Torque is therefora des
pendent upon the prewnure exertedby the two hulves
of the bushing.

$-20 Stamped split bushing iype core tension
device,

This type of cura drive has been used nuccess
fully in a number of applications — both civilian
and military. A majoe criticiem ia to bo found in
the fact that no control of torque is pownible other
than through selection of muting parts — u process
which is never gaoil production practice. The basic
peinciple of this device is, however, sound, und in
non-critical applicationn this type of core drive can
be expected to give nutiafactory results,

A somewhat uimilur type of tension device is
bunically a split bunhing except that in this case,
the cutout is at 90 Jegroes to the screw rather than
parallel to it. The remaining collar iz then crushed
downward almost to the main section of the bushing
where it remuina nupported by two arms formed from
the uncut portion of the original bushing,

Designed to merve more as lockaute than a
tension devicew, this type of core drive mecha-
nism depends upon misaligrment of the bushing
and the collar, Both the collas and the bushing are
threaded so this minalignment may be cither lateral
or longitudinal — wcither zype tending to muke ro-
tation difficul.

Actually thin type of core drive does not make
w very satisfactury tension device. The use of
nteel as a materinl, combined with the introduction
of two 180-degree bends in the slender urma which
support the collar, makes this a rathor rigid de-
vice without the flexibility necessary in a good
torque coutrolling device.

This type of core drive has been uned in certain
military tranaformorn with units 80 equipped show=
ing wide variationw in torque. Assembly of units
waing this type of tonniua device i often difficult
and may require adjustment cf the collar position

before becoming posxible, Then too, breakage of
the bent urms is by no meann infrequent. The une
of thin type of core drive mechanism is not recom-
mendod for either military or civilian applicutionn,

MISCELLANEOUS HARDWARE

Ninee such iterma an bushings, studs, eyclets,
coil form holders, and mont of the other small partw
unedd in electronic components ure made from frees
tuming brass, they will, for purposes of thin dine
cwanion, be considered in une group.

It in well to start the process of specifying
much items by checking clonely on the standard
purtn which are available from wuppliers ulrewdy
fully tooled to produce them. Selection of nuch
parta always tends to lower cont, to expedite de-
livery, und to simplily the watter of supply when
wosetal  mauufucturern are to produce the mame
srannformer. Because theae wtandurd purta repres
nont the thinking of many design ergineers, it in
quite probable that in a wnjority of cases it will
be found possible to welect nearly all the required
batdware from the catalogs of firms regularly ons
goged in the production of wuch items.

GOOD DESIGN PRACTICES

Flficient design will, however, often create n
demand for small parta which are new and different,
It in in the design of much articles that economien
o extravagances can be introduced with compuras
tive cane. One fundamentally importunt denign cone
cept  in to maintain maximum simplicity in the
finiahed part. Fvery change in contour und every
individual operation that huve to be performed in
the peoduction of the piece cont money and should
by apecified only if they werve u useful purpone,
Nothing in this discussion in meant to imply that
petformance should be aucrificed for simplicity,
Rather, the intection lw to stress the dangers ine
herent in careless design practices and to emphas
sise the importance of curelully analyzing eovery
new part to determino whether it can be further

ELECTRONIC HARDWARE

to concentrate upnn overall performance rather
than on design of the Individual parts which go to
make up the transformer, It is therefore u relatively
common practice t g into the Model Shop, pick
up whaiever stock in availuble, and turn out on the
lathe a part that will o the job ut hand — il the
time with little atteation paid to dimensions, or
even to material, Thix in itself is not neceswarily
a bad practice. The danger urises later when work-
ing drawings must be prepared for the pilot run or
for production. Tou wlten are final drawings baned
on measurementn of the original parts used in lubos
ratory models with little or no theught given to ime
provements or ccunomien in their design.
Regardless of what may have been used in the
laboratory modeln, pnol engineering procedures
demand that ut thin ponnt consideration Le given to
wpecifications that wre ln arcord with normal come
mercial practicen. 1w example, if free-turning branw
is noemally aupplicd in rods having diameters of
1332 or 7/16 inch, it would seem that in most
cases it would nerve no useful purpose to mpecify
u bushing with n maximum OD of 0.415 inch. To
make such a bushing would require the une of the
larger size of brasn rod which would then have to
be turned down ta the apecified diameter. Good
Jdesign requiren that nizen should, wherever ponsis
ble, conform to the atundard rod or bur sizes normale
ly availuble from producers of the raw material.
Tolerances should confuem to standard commercial
practice and should he as broad as pownible. In
other words, u careful dewigner will work with as
vailuble materinln wml techniques end will resort
1o new and special dewigns only when convinced
that no other meanw will provide the demired re-
nult. Adherence to thene policies wili go far toward
t dization of ¢ and the eliminati
of unnecessarily expeanive designs.

SOLDER AND SOLDERING FLUXES

The process ol nollering is a common one that
enters into the manuluitwe of almost any electronic

wimplified without affecting its perf

# a means of showing what may be accemps
lished by approaching  new design in a critical
munner, the steps that usually precede the intro-
duction of a new trannformer design may be cone
nldered. Once the banic idew hus been formulated
and the peeliminary ahetches made up, the next
step is the preparation of a laboratory model,
Right here is the pluce where many dewign engie
neors go astray. It is only natural for an engineer
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comp or eq . It is, generally apeaking,
a simple procenn although analysin of a soldered
connection will show a well-soldered joint to be
the result of complex chemical and physical action.
COMPOSITION OF SOL.DER

Solder, und thin dincussion will concern itwelf
only with soft solders, ls a fusible alloy conninting
of tin and lead combined in various proportions,
usually in the ruage of from $0 parts of tin with 60
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parte of lead to as much an 70 parts of tin with 30

is no point mt which the alloy has a plustic cone

parte of lend. The 1 way of describing
soldar in in terms of ite tin-lead content us for
oxample, 55/45 meaning 55 parts of tin with 45
purte of lead, since tin i always the firat metal
named, It is theoretivally possible te have aoft
woldern of any componition an long as they connint
wolely of tin and lead. Commercial branches of the
cloctronica industry have seitled largely upon
thone solders in the range of 40/60 to 60,40, with
50750 the most widely accepted formulation, Feders
nl Specification QQ-5-37Ib mets forth the compo-
witlon which must be met in the varicus soft soldera
and_ linta 60/40 as the type recommended for use
on electrical connections,

BUTRCTIC MIXTURE

From a purely idealistic standpoint, a solder
made up of 63 per cent tin and 37 per cent lond In
most desirable. The odvuntage of thia particular

A furthor point of interost concerning
the eutectic in itn low melting point = 361 F — the
lowest of all tin-leud alloys, and u particular nsset
when soldcring in close proximity to heat sensitive
materials.

Fig. 4-21 in the familiar eutectic chart show-
ing the phywical ntate of all proportionn of tin-lead
alloys at temperatwens from 361 I up to 620 F, the
melting point of lend, It will be noted that when the
proportion of tin und lead is 63/37, solder passes
directly from o wolid to a liquid withowt going
through any mushy stage. With any other proportica
of tin and lead, there is a temperaturo range in
which the solder in neither a solid ner o liquid, but
is best deacribed an plastic or muxhy. With 60/40
molder, for axample, thin plastic state covers 9
degrees, whiln in the case of 40/60 nolder the
piustic range in extended to include 99 dogrees
of temperature chunge. Opinions dilfer nw to the
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Fig. $:21 Eutectic chart

alloy, known as the eutectic combinations,lies in
the fuct that the melting point is sharp — that la,
thie proportion of tin and lead is either a liquid or
a aolid depending upon the temperature, and there

414

effect of thin plastic period upon the quality of
wark obtainable from the various grades of solder.
One school holids that the presence of u plastic in-
terval is an Invitation to movement within the joint

during the couling (plastie) period, and the renult
In likely to be poor woldered jointn mubject to eany
fravture, This wame wchool contends that sinee all
wuldarn in the liquid state contain eutectic wolior
wv well as the bunie combination, prolonged vae
tewnjon of the plustic condition createn a temdency
toward  crystalline wiracture within the joint. In
mupport of this contention reference im made 1w
Phutomicrographn® which whow that the more ane
depwta from the 6337 wutectic, the more crymtale
line the structure of the molder becomen und the
lawer its tensile strength,

The second achool ol theught in strongly of the
vpinion that unlews there v w period during which
the molder is plastic, there in grave dunger of
fntwe in the juint ua w renult of vibeation occus
g at the moment of met Actunlly, there necum
linle reason for thin ferling nince when noliler
wolidifics, the procems in une of freezing, whick
tieans that a conmiderable amount of heat must be
liherated even though the temperature doen nt
thange. For thin reanvn thers in o definite time ine
torval during  which crywtals are forming in the
ewtectic, making “*maveneni nt the moment of et
u remote possibility at hewt,

‘The electronicn industry has, in its commnreinl
with, used solders ranging for the most part bos
tween 40/60 und 6040 Cyperience ncquired during
wany yearn of atuly of reprencntative solding apers
wtivan has shown that wubmtantinl savings in time
van be effected by uning 5050 noldes ruther than
40760, Rhether thenr mavings are due to the b6
degree shorter plantic petlod, to the more honue
geucoun structure of the wolder joint, or meeely to
the lennened time between the flow and the aet of
the sulder is not clear, It dunn, however, neem wale
ty draw upon the experionce of the industey and
recour znd that wolder conminting of ut leant 50
per cent tin be uned in electronic upplicationn,

TR SOLDERING PROCHSS

The actual procenn of acldering is both inters
enting and complex, Whew two piecen of metal are
nullored together, w new alloy, formed from the
woller und the metal Leing woldered, in created.
This means that an avtunl wolvent action taken
place at the point of jnning, Becaune moldering in
un wet involving both chemical and phymical joine
Ing of metals, the wttength of moldered jointn in
ptently In excean of that which would be due to
wihenfon alone. Proof ol this statement is fouml

$iNues on Botdering'’ by WA Lowis
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in the fuct that it iw imposnible to pry woldor away
trom u metal in u manner leaving the metnl in it
wriginal condition, It in equally imponsible ta drain
or wipe ull nolder from o metallic wurfuce that han
been thoroughly wetted by a film of woldee,

Tn this connection, it whould be noted that ainve
woldering in n procens involving chemical an well
un physical action, metals which have beenelecteos
plated can be wuccennfully woldered only if the
nolvent or alloying wction extends through the o
lectroplating o the hane metal. ln other words,
the effect of elevtroplating is one of prencriving
rather than improving soldering quality « o point
which helpn to explain the difficultien encountered
in noldering cud nivnplated aluminum, wnd the ime
petance of having electroplating thick enough ta
peotect the base wetal,

It is upon the act of wetting metaln that the
wuceesn or fuilure of wnoldering operation dependu,
It must be remembered that the procenn uf wulders
ing in one involving bare metalw, The peeacme of
impurities in any forn including oxiden, nulphides,
paint, enamel, varniah, or any foreign watter, will
make soldering hifficult, if not imponnible. It will
be recalled that in Section 1, it was stated that
coil leuds should not be cleaned fur in ndvance of
tnning lest they acquire an oxide coating which
would make them dilficult to wolder.

SOLDERING PLUXHS

Tt is well known that wolderiog is rarely dowe
without the une of 0 material known an & flus, The
wetual part played by the flux in the waldering
procens in probably less wellknown and will theres
fore be discunned wt thin point.

The primary function of a woldering fluy in 1o
innure an absolutely clean metallic auefuce, free
from all tracen of aniden. It in impoctant to note
that the flux doew nit enter intouny chemical union
with the wolder hat merely facilitates the weiting
of the metul by heeping ite surface free from ouide
filma.

It muat be apparent that if the primary funrtion
of woldering fluxen in to remove ovides trom the
netalainvolved in the soldering process, they theme
selven must be chemically active substancen, Since
ionization in eanentinl to chemical activity, it
follows that soldering fluses must tend tn invite
vorronion.  This I ensentially true: thete in no
suldering flux which in completely non-corrasive =
the dilferences umong the varivus types beiag of
degree of corromivenenn only,

L1
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The  following might be lixted as ituth
the raquiremenzs for an idanl woldering flux for use
on electronic apparatus:

1. It must remove oxide films from metallic

surfaces.

Having removed the oxide films, it must
heep the surface chomically clean.

It must be fluid at nollering temperaturen,
It must not remain between the solder and
the metal but must give way completely to
the solder as it flows.

It must leave a m wm of residve.

. The residue that in left munt be esaentinlly
nonecorrosive and must not support the
growth of fungus.

It must not add to the electrical reaistarce
of the joint.

8, It must reduce the murfuce tension of the

molten solder, thus inducing rapid flow.

TYPHS OF FLUXES

It is customary to divide wolderirg fluxes into

i (1) Aid types; (2)

types; and (%) Qosin types. The basic

requirements of an ideal flux set forth above at

once eliminate from considerntion (luxes of the acid

type since all varieties ure excessively corrosive.

Although it must be admitted that their high degreo

of chemical activity rezulta in fast andeasy soldets

ing, acidtype fluxes are entirely unacceptable for
all electronic applications.

The sacond group, made up of wesk organic
acids, amiaes, amides, and weak organic bancw,
is somewhat less active than the acid group and
therefora does not permit soldering with the same
degrae of case. Admittedly less corrosive than the
acid group, all fluxes of this type leave conosive
residucs and ars, therofore, unacceptable for use
in electronics.

It is only the third group of sold fluxes ~

rary haical i 1! as hus beon
pointed out eurllor in thin discussion, the very
fact that a fluxing nction can take place under any
circumstances in connidered by many engineers
o evidence of chomicnl activity — at leant at the
time of soldoring — an it therefore aconm wine to
recognize the busic principles involved intha action
of nflux and use evenronin-type fluxes with caution
and restraint,

Decause romin-type fluxes are lacking in the
degree  of activity required for easy wollering,
their  wide ucceptunce in bused solely on their
freedom from ceeonion. Fxcept in the caue of a
fow easy-to-sulder metnln, the use of rowin dona
little to help the noldering process, no it in only
natursl that intennive research should have boen
devoted to the wollering problem and to wayn of
peeparing fluxea having u high degree of activity
but, @t the mwne time, being without corronive

4 The liot of ials and hinations
tented is seemingly endless with many Muxen deo-
veloped which nre axcellent from the stamlpoint
of moldering but which have failed completoly when
viewed from the aupect of corosion.

ACTIVATED FLUXRS

It was eventunlly discovered that rosin could
be “activated” in a manner affording greatly im-
proved solderability by the addition of certuin ine
gredients and yet cauae little, if any, increane in
the corrosion-inducing qualities of tho flux rosin.
Known as activated rosins, the formulutions for
these fMuxes are, fur the most part, carefully guard-
ed, although it is known that aniline hydrocHluride
is an ingredieut of certain uctivated fluxes,

The chemistry involved in activation of tosin
is complex and not particularly importunt In this
di i It neemn fici to say that acti-

that baving pure, natwal rosin as the.basic ingrodis
ent of all formulations — that is acceptable for
eloctroaic use. Rosin is a natural gum produced
within the burk of pine treem. Ita properties are
intereating in that at normal temperatwes roain |n
completely inactive and therefore non-corrosive,
At elovated tomperaturen, roain melts and in this
state ethibits e degree of activity sufficient to
permit it to act as a [lux when soldering many non=

ferrous metals, particulurly those whizh have been.

bot-tin dipped.
For all practical purpones, rosintype fluxes
are ive and are so deacribed in
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vatedtype fluxcs have not yet demonatrated
gree of ion toni generall, [
acceptable to a majority of the coil induatry. In
many instances, activated fluxes have been ap-
proved for specific unce, but in the case of com-
ponents using magnet wires of size Na, 38 and
amaller; there is un understandable reluctance on
the part of most engincers to upprove the use of
an activated flux, and there is almost universal
acceptance of the belief that when this type of flux
must be used in eloctronic applications, the quanti-
ty involved should be the absolute minimum cone
sistent with good woldering.

Yored

FLUX PORMS

Soldering fluxes are available in paste and
liquid formw and olso am w cwre within a solder
wire, Pastestype fluxes, other than those used in
roninecored nolders, are generally of the acid type
und wie therefore unacceptuble in electronic applis
cotionn, vaquid fluxes, purticalurly water-white
ronin iunolved in alcohol, wie sometimes uned,
but by far the greatest amowt of the solder cons
mumed by the electronics induatey I in the form of
Nusscored  wolder where rumintype flux, either
regulur or activated, is introdueed an o paste into
one e more hollow spacen within the wire nolder,

The advaniuges of encloning the Nux witkin the
wolder wre many. Among them may be listed the
fact that the flux is locuted where it i warted =
at the point where the soldor meltn — and that no
added operntions or materinle are involved in the
flwring portion of the soldering process. A fur thee
advantagn of cored soidern in found in the accurncy
with which the quantity of flny in controlled. Sever
al different core sizes aro availuble, covering w
range of approximately 05 per cent by weight up
to am much as 6.0 per ceat,Since wire cored-solders
are made by an extrunion procean, a high degroe
of wccuracy is maintained in the wize of the corn
and hence in the quantity of the flux ired
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Joadw may be stored for prolonged periods with na
detrimental effect upon their solderability, but il
lelt untinned, in only & fow hours time they will
wequire an oxide couting too heavy to be dealt with
efficiently by a ronin flu,

A point of importance In any form of woldering,
aml one that is often overlooked in iron woldering
In the necessity of having the metuls beiug nullers
ol ut the temperature of the molten salder. Unlenn
thin condition exintn, au alluying action will take
place and the solder will merely freeze on the metal,
forming u **cold joint™ which i of little or no value
wither electrically or mechanically. Becawe of
thin nccessity for heating not only the nolder bt
the work as well, care munt be taken to une solders
ing irons capableof trannferring the required wmaunt
of heat.

The irons mont commonly used are electrivally
heated and may connume anywhere from as little s
20 watts up to 700 or more. Almost withow exe
coption the actual noldering tips are made of copper
wnd may Le of almont any wizs and shape depending
wpon the specific une tw which they ure intended.
I in generally accepted thut the temperature of the
Vip whould run wbout 30 degrecs Centigrade above
the melting point of the molder being uned., For the

therein,
SOL.OIRING NETHODS

Within the field of electronic component and
squipment manufacture, wolder In generally applied
either 11) by the use of a moblering iron or uther
Jevice for melting the solder ot the point of applis
cation, o (2) by dipping the aiticle to be coldered
into w pot of molten solder, It in probable that at
the jeennnt time more connaclinna are soldered Ly
the first-named method, but It s recognized uw a
good posnibility that rapidly developing interest in
printad circuitry, automation, and other masa-pros
duetlon techniques could, In the very near future,
ennily awing emphasis to pot-aollering methods,

Negardleas  of the methad uned, succesaful
noldering involves two basic oprrations: (1) tinning
of the motal surfaces and () (illing with solder the
npace between the tianed mwlacen. It in not ese
sential that these operationu he performed at the
same tme. In fact, it frequent!= will be found un
advantage to prein connactiona well in advunce
of soldoring. An instance whero this is true is the
provisnely mentioned cann of copper wires from
which the insulation has heen removed but which
are not ready for fisal soldering. If tinned, such
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molders led for electronic applications,
thin means that tipw should run between ubout 210
and 275 C during the actual soldering procens,

It will be recalled that one requinite of good
nollering is to have the wirk and the molten wolder
at the same temperature, In the case of iron molders
ing ull the Leat uned in the process must emanate
from the noldering iron and reach the work by way
of the soldering tip. Sioce the tip should alwayn
run about 40 degrees  above the melting point of
the nolder, it in apparent that the exprennion **fue
good soldering, the iron must fit tho work® in nut
only meaningful but in baned on a sumber of cune
siderations. Among the most importunt factors to be
connidered in the weloction of a soldering iron are
the following:

1. Theheat cupacity of the work tohe soldered.

2. The size of the suldering tip = particulurly

of the area which contacts the work,
3. The premence = or absence — of drafts o
strong air currentn in the work urea,

4. The componiting of the solder being uned.

Since copper allays with molten wolder, and
nince soldering tipn ure effective only when well
Vinned {working surfacen completely covered with
molten solder), it follows that there is un eronive
nction on the tip which caunes them to wear away

W17
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at & surpeisingly rpid rate, Many othor materiale
have been aubstituted for copper, but nono ls wo
completaly aceeptabla, It ls, therefare, only aatural
1bat many attempts hava boen made to siow down
wlp wear. The most offective means scenn to be to
eest the tip with a thin layer of a metal which doew
wot readily alloy with nuldor, lon is an exumple
of m metal with the touulced propertics, and lron-
plated  soldering tips, while not so effective an
pluin copper, lant onvugh longer and do u wul-
ficlently good job to muke their adoption nn ece
connmical move.

The practice ~f holding soldaring irons on «
fived wtand and , ringiog the work to the iron rmther

The size of the molder pot in relation to the
size of the work heing soldered determines the
temperature at which the pot must operate. It is
obvious that us wiek iz Vowered into the pot, the
temporature of tha molder will be lowered. It is,
therefore, necewwary to maintain a minimum pot
tompetature of ut lewnt 60 to 75 C above the melting
point of the soldar eing uned. In the case of large
pieces and a high production rate,. it will be aecen-
wiry to maintain an even higher differential — in
wome iustaucea up to 125 or even 200 C.

The natoro ol putwwoldering being somewhat
different. from iron muldering introduces shightly
different  problenm. Ior one thing, a high grade

B

trode moldering, and rewintance moldering will be
onumeruted, but becaune of limited acceptance in
the idustry, they will nol be dlucussed in marn
details

REQUIREMENTS FOR GOOD SOLDERING

At the start of the diacusnivn of soldering, It
wan wtated that the procens of soldering in hoth
common and relatively simple. Such a statement
is not meant to imply that noldering is w procens
which in generally well done, for such, unfortue
nately, is not always true,

The requirements for gowl woldering on elecs

ELECTRONIC HARDWARE

3. A flux which In nonscorroaive and which is
aufficiently active to permit good weiting
and eany noldering,

A meann of npplylng the flux at the point
of woldering = un, for example, the wee of
flux-cored wire wolder.

Waouk, the surfacen of which are eelatively
clean and fren from oxide or other conting.
Solder with a tn vontent of not lean than 50
per cent and of w forn and wize wuited to
the work at haud,

The importance of gowd materials, gocd equip

went, and techniquon haned on an underatanding

tronic components might he listed as follows: ul the requircmenta ul good soldering cannot be
1. An iroa with u tip of @ wize and shape nuch overestimated. Soldering in an important operation
ae to permit u mavimum transfer of hewt ln the manufuctwe ol electronic componentn and an
from the tip to the work, wuch is deserving of intelligent consideratinnby ll
2, An iron of a ize large enough to thorougbly  who participate ivthe denign or peoduction vl nuch

than the iron to the wuek In fuirly universal in the  nolder — that in, one with  higher tin content — is
manuluctues of electzonie vomponents, The cupacity  waually required. There ure at least two reasons
(wattuge) of the lrun, the ahupe of the tip, whether  why this is true: (1) the use of eutectic mslder

e not the tip is plated, the size und the compos  permita minimum  pot temperatures, and 2) the

witlon of the wire salder, and the size of the rowin  higher the tin content, the faster the apeed of wet-

cova, wre all facturs in woldering which, nn han
Lean lncicated ubove, are directly dependent upon
the specific requirements of a particular operation.
Iyoper equipment and techniques will produce
soldered joints in conformmuce with the requires
moute of puragraph 30,3 of MIL-P-11268 (Sigf:}
ontitled Parta, Materiala, und Processes used in
Signal Corps  Equipment; General Specifi

ting and the grentor the capillary rise of the nolder.

Two major dinndvantuges are attached to ibe
uve of eutectic w other high-tin contont molder.
The higher the tin content of the solder, the mare
rupid is ita aiioying nction with copper — hence,
the more rapid it contamination, and the greater
the impoverishment (losw) of tin during continued

which reads as follown:

"*Sol 8 = Soldered i shall be
near. There shall be mo sharp points or rough
surfaces reaulting from insufficient heating,
The solder shall feuther out to a thin edge,
indicating proper [lowing and wetting action,
ond sholi not be cryatallized, overheated, or
underheated. TAe minimum necessary amount
of flux and solder shall be used for electrical
connections. Wherever practicable, excess roain
shall be removed with a wire brush and then o
dry cloth; any resulting loose flakes or roain
shall be carefully removed from the inside of
the  equipment. Inaulation material that haa
been aubjected tv heating during the soldering
opsraiion ahall be undamaged and parts fastened
thercto shall not have been loosened.”

POT SOLDBRING

Pot soldering or, as it lu sometimes callnd,
dip soldering, is peinwrlly a tinning oporation in
which tho articles to La woldered, having previously
been cleaned and fluxed, are dipped into molen
wolder. The great advantage of this soldering mcthad
lion in the number of connections that may he
woldered in a single operation.

418

P So importunt is this latter point that re-

plucoment solder mlded Lo maintain pot level must

bo cither of higher tin content than the original

wolder, or it must b pure tin.*
In view of the rapidly increnzing ivterest in

Ideri W i

L} ng, P

lative to optimum compositions of solder and flux

are now under way. ‘Uhe simplicity of the process

is such that it offers many advantages in the as-

tambly of amall elactronic components.

OTUER SOLDERING METHODS

tion re-

This discunnion of soldering is meart to ba
ropeenentative anil nut oxhaustive. For that ceason,
wuch accepted noldoring metbods as {lame wolder-
ing, hoteplate woldering, induction soldering, elec~

mant 18 hased on generally sccepied
o jor American company segaged
y Joctranie squipment by dip-ecideviag
hot faund Ihis te be strictiy trus. As-eriginally
set 1, (his pavtleulm 1aocess used eutectic solder bm pote
having @ capecity W 30 paunds, enough 10 precons spmroRt-
mately 1500 of the wi ng soidersd. To matmate pet

n copper
Ny the tnalysis, led 1 the policy of replenishing the pete wish
$3/37 solder rather than with pwe tin, and 1o the discard of
the sontaminated selder a4 requiar Intervale in order 1o made-
tuin uniform soldering senditions.

heut both the molder amd the work but not
large enough 1o overheat and “burn’ the
solder.

itemn,
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CATALOGS AND ']

Alreeaft-Marine Products, Ine.
2100 "axton Street
Harrinburg, Pennsylvania

Alden Products Company
117 North Muin Street
Brockton 64, Massachusetts

Alpha Metals Inc.
58 Rater Street
Jernoy City 4, New Jerney

can Drans Company
Waterbury 20, Connecticut

American Phenolic Corporation
1830 South 54th Avenue
Chicago 50, illinois

American Radio Hardware Company, Inc.
1524 MacQuestion Parkway South
Mount Verson; New York

Bead Chain Manufactucing Company
110 Mountaia Grove Strset
Dridgoport 5, Connecticut

Cumbridge Thermionics Corporntion
445 Concord Avenue
Canbridge 38, Mansachusetts

Grayhill
561 Hillgrove Avenue
La Grange, lilinois

CHNICAL INFORMATION OF:

Kenter Solder Compuny
Chicugo 39, Hlinole

Multicore Sales Corporntion
164 Duane Street
New York 13, New York

National Company
61 Sherman Street
Mualden, Massachusetts

The Palaut Company
6l Cordier Street
levingtor, 11, New Joeuny

Shakeproof
Division of Mllinois Tool Works
Suint Charlen Road

Figin, lilinois

‘Tinnerman Products, Ine.
Clevaland, Ohio

Uinited Carr Fastener Corporation
Cubridge 42, Mannachuncits

U.S. Engineering Compnny
521 Commercial Streot
Glerdale 3, California

Zierick Manufacturing Corporation
Beochwood and Rockdale Avenues
New Rochelle, New York
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CERANICS

Section §
CERANMICS

GENERAL

The nuture of high frequency transformers res
quiten that certain parts be fabricated from none
conducting materials ponnensing good diclectric
and viechanical properticm, Ith plastics and ce
renicn cre uned for this purpone with ceramic mae
terinln nore often specified for thono transformers
intonded {or high temperature aperation. Unlike
plartic materials, ceramics neither softea nor char
at high temperatures but remain hard and rigid and
are not wubject to bending ue twinting. Ceramica
aro excellent insulators powsesded of good dies
lectrle conmtant, low dielectric lona factors, and
either low (0.1 per cent) or zern water absorption,
Thoy bave the further advantnpe of being chem
cally inent which, to the demign engineer, implies
almoat complete freedom from eloctrolytic corrosion.
A furthor ndvantage which in often of importance
in elactronic wpplications in found in the fact that
ceramicn do not encourage the growth of fungus.

NATURAL CERAMICS

The firet ceramics tobe used by the eiectronics
induntry were actually forms of block talc or natural
»teatite, mined directly from deponits in the esrth,
This type of material is readily machineable when
@een(unfirad) and after being formed to the denired
shape can be fired to its final hardnens with rela-
tivoly low o age (unually lena than 5 per cent),
leas vitreous (glass-like) and lean uniform than
the d ateatit natural i are
little used in electronics at the preacnt time.

TECHNICAL CERAMICS

The coramic most common in electronice a
plications In ateatite — @ momber of the “white
ware’  group of stone-like materinls including
porcelain and china. Vitraous In nature and pos-
seating exiremely low water ubaorption, ranging
Irom 0 10 0,02 per cent, steatite in availcble in a

number of different mixes, vach varying slightly in
certadn of ity characterintion but all of high elecs
trical quality.

A groupof ceramicn knuw., s refractorics werg,
athe time of World War 11, highly porous materinln,
wome of which would abuosrh water in amounts an
hikh wn 18 jer cent by weight, tncluded iw thin
group of refractorien e ircon, alumina, and
vordivrite, Al of thems materinls possessed pros
pretien  which showed conniderable promise for
electrical applications  if only the maisturo ree
sistance could be improved, This wan especially
true of cordicrite whone axtremely low coelficient
of linear expunsion = 1,6 v 10" in the range of
510 100 C — made it an ldeal materinl upon which
to wind extremely ntable coils,

Wecause it wan recagnized by Signal Corpe
engincers  that water abmarption in ceramic mae
terial whould be wn clone to zero as is ponaible
and in no case should excend 0.1 per cent, u pros
kram of research and development intended to load
to an improvement in ceramic materials of the
nuture of cordierite nnd sircon wun initiated by the
Signal Corpa Fngineertug Laboratories shortly
alier the close of the War, The muccess of thin
program is attested to by the fact that specifie
cation JAN-I-10 which hud previously listed as
approved ceramic materinlnonly steatite, porcelain,
wlann, nnd glans-bonded mica was amended in
Junuary 1953 to fnclude wn additional appraved
muterlnla cordierite, zircon, wullustonite, fornterite,
alumina, and lithia porcelain, Since that time more
than one hundred commerclal ceramic bodics have
been npproved under this specification. (See Fig,
31)

TEMPERATURE EFFECTS

Many manufactured (techuical) cerumics are
sintered and vitrified a1 vory high temperatures,
ununlly  somewhers Letwean 2000 ond 3500 F,

3
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CERANICS

Fig. 3-1 Property churt o) JAN-I-19 ceramics. (From Signal Corpe Engincering Laboratories Information
Bulletin No, 201)
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Nearly all technical- ceramivs will withstand proe
longdl heating at 1830 F aince they can be used
at temperatures almost upto theis firing temperature,
Some grades of technical cerumics are satisfactory
for  continuous operation well ubove this figure,
while others such ua glanw-bonded mica require
Towee wafe-operating temperatures,

OF  particular importance 1o the electronics
engineer are the widely differing coefficients of
linear expansion to be found among ceramics, Ins
formation available from one American manufacture
er' whawa hia ceramic materialn to have coefficientn

Kig, 5.2 COEFFICIENTS OF 1.

pansion as great aw 6,3 v 10°* are alwo produeed
by this same manufavturer, It is lurgely due o the
varying degreen of thermal expunsion avalluble
in  ceramic materiala and to the fact that thin
thermat expansion cawhe matched to that of varivus
wetals including Inver that 1 miv weale
have been made posnible,

Reference to Fig, 50Y will show the offect of
various coil form materinla upon the tempriature
coclficient of univetaul voils, The muperiority of
cetamic  forms in clearly revenled in thin giaph
where the theeo typrw of ceramics tested vanntis

:AR EXPANSION

OF COMMON CLRAMIC MATERIALS

Matecinl

Coefficient of Linear Expannion®

25-100 C 25.700 €

Stentite Type L-4A
Steatite Type L-5A
Formerite

Titanium Dioxide
Zircon

Cordierita
Rollastonite
Alumins

Lithin Porcelaia

7.3 x 10 8.6 x 100
6.4 x 100 8.9 x 100
9.1 x 106 10.6 x 10°0
73x10% 8.7x 100
3.2x10% 4.0 x 100
1.6 x 106 2.8 x 106

— 6.1x 100
s.1x100 7.2x10¢

0.085 x 10"

sed in change por unit length per degree centigrade.

ol linear expansion within the temperature range of
25 to 100 C, varying from  high of 11.3 x 10°* in
the came of a vitreous ceramic (steatite) 1o a low
of 1,6 x 10°* in the case of a refractory (cordies
rite).  Another manufacturer® produces a lithiae
porcelain material with u coefficient of linear exo

wion of 0.85 x 10°%, a puwer factor of 0.00424.

tuted a group exhibiting maximum temperature niae
bility. While exact values for the thermal cusle
ficient of linearexpannion of all coil form materials
teated in the courns ul thin program are not uvaile
able, it is apparent that there is a direct rolations
whip existing between the temperature coelficient
of the coils and tbe thermal coefficient ol linew

and very low moisture ption. Similer material
with a2cro and with negative coeffizicnts of exe
'Ameticon Lava Corporation, Chotianeces S, Tenaessee.

"S1upslith menulactured by Stupak ol Coramic and Menu actwing
Conpany, Latrobe, nnsylvenie,

gap of the formw on which they ata wound,
‘This graph is offered an evidence of the value of
poper selection of material when marimum coll
stability in a demign reyuisite.
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RIGINAL

CERAMICS
u ceramic, However, the fuct that it is essentinlly
. . . a inorgani i q it i 9
While not a particularly comuon material for " inorkanic material wnd that it is capable of
! operation at temperaturen an high an 600F accaantn
use in high frequency transformers, glass doen  temperaty h _
A A for itw connideration in electronien as a high tempe
have certain Interesting propertien and in approved

s L4y N 3 eruture insulating material « henee its inclusion
for une in wilitary applications wader JAN-1-10. ! N i
) with ceramics,

=
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Glasw  {u an amorphous (noneeystalline) mue o e, Wloonded micn i
terial which In rigid at ordinary teaperatures and An the name wuggest, glooehonded micw i
Whivh woftenn o even becomen (uil ut elovated e up of ground mica partivhen held vogether by
rempcrnturen and 1n oenally sithout o definite A" unily melted form of ghaas, Uatid very recently,
m«ifing puint In hetwoen the extreme the mica used in this material was always of the
Gluewin wvailakle in on almot limitlens nimber + 0Pl variety, Recent develupiuents in syathetic
. mica have brought about the wxe of this new type
of formulatinne, nearly all of which have wand or " ) )
wilion (5100w the reincipal inpredient Other O material and huve made ponsible the production
pren o Prineip Lot o of w glawn-bonded syathetic mivn capuble of opers
ingredientn nuch an soda, lime, mognenin, alumina, . o ! b
borun ovide, lend oxide, and polanh wre added to ““l““ l"‘ ‘,"""“’(':‘;)‘"I‘i" o "I' s wherean with
lead particular physical propertion to the glass aa ML o 6301w the top aperating temp=
erature,

T

e
f<,-1\.._z_;4._+1-

seans
ageas

[;

=

e v vt o8 point ol the mixture, When thin mixture of mica and gluns is heated
From the standpoint of electrunicn design, to the melting point of the gluns, the materiul may
there in little interest in glaanen other than in ”‘,""'I‘""' to ”":"‘d'“_"""k"“‘ l" ““;"‘ cooling
the high wilica® varicty since only in thin type of Ut Mubnequent hacdening tuke place. The aoture
glass in the puwer factoe sulficiently low fo permit of glann-bonded mica maben it aduptable to both
its connideration in high frequency applications,  COMPTeRxion and isjection wolding techaiques,
Powet fuctorn ranging from 00001 100,005 measured  P*€Fin may be molded in and may be of any metal
at 1 Me at 20 C are given as applying 1o this type capable of withstanding temperutures of 1300 F
of glann na wupplied by one 'm"Jm ulnes manu- under preasures up to an much an 40,000 pounds
factaron® per  mquare inch. Brasa, Monel, und coldwolled
Conniderable work has been done with metal.  Me¢l are commonly used an material for incertn.
lized glans inductors, and it in enticely possible  Vhero shouldalwuys be at leust 1/16 inch of glanse
that as development work along thene lines pro- bonded mica between inmerte which themselves
gensen, the une of this type of coil may becoms  *hPuld never be located lean than 1716 inch from
far more common, In general, coil Avmigners will e cdge of the molded pirce, While it bas been
seldom incorpornte glass in theit kigh frequency nh\ln! that both comprennion and injection molding
vansformers  ather thas in hermetically sealed  Lehnigues are woed in the fabrication of glans.
units whete  glansetoometal nealn may be used bonded mica, it must he recopnized that the nee
3 " cemnity for preheating to 1300 I and the maintes
GLASS-BONDED MICA nance of mold temperaturea uf HOO F necennitate a
Glass-bonded  mica is not » new moterial, i \YPC of mold and molding equipment vastly different
made ite firal commercial appearance in 1921 and ""’“I "‘:'h"“;‘d. " ‘;’“"""":‘"l,:’"}":f' "":d;""'
is currently available under a numoer of different 0 the USSIRR of paris lo he lsbricated fram
rade. mamia.t In ey wage. the mtare of glaows  Klane-bonded mica, the sune gencral principles
bonded mica renembles a plastic more thun it does apply that pertain to comparatle parta 1o be molded
from plastica. A good pluntic flow is always dee
PAn examele of Ihis typs of glass Is "“Vysw® manutectwed  situble, which means that tounded corners and
Dy Corning (lass Works, Corning, New Yurk gradually changing contours ahould be incorporated
‘Corning Olass Works. in the piece being deaigned so that the cavity may
::{‘-':-;":.w"::':;.-ma by Mycales Copuration of America,  fill in the shortest posnible time. The need for
wall thicknesses of 1716 inch or greater, for taper
#OEMycalan!! manulactued by General Rlsciric Compony,  on yll vertical wurfaces, for generous radii (minimum
Chamirod Diviaton, Pittsfield, Messachon 1/6% inch, preferred 1/32 inch) on all edges and
;z:::;;mmnmuy Electronic Mechanies, lnc., Clifton,  corners must be recognized an eanential to good
: dewign practice,

“tnsee ol y Kivetre bonded
Pnitadelrhis, Fenneyivanie.
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ed for use at elevated temperatvres, Posnenned
of u relatively low lonn fuctor, low dielectric cons
atant, igh dielectric wirength, and water abnorption
equal to approximately xero, this material haa one
distinct advantage over wieatite in that it can be
machined on ordinary machine shop equipment,
‘T'ungmten carbide toola give heat results, A copious
wupply of water merving buth an a coolant and as
w lubricant is eancntinl to the machining procenn,
Another advantage of glass-bonded mica over
ceramic material i to be found in the accuracy
with which this material cun be molded. The nuemal
tolorance  applied 1o molded- glass-bondod wica
piecen of a length ur witth up to 1 inch is 10,002
inches. Thicknean (that' dimension whick is at
right  angles to the parting lme of the muld) in
ordinarily hold to 0,005 inchen, Since glunnebunde
nd mica containa neither fillers nor plunticizers,
molding consiatn only uof confining the molten ma-
teriul for u period of time nufficient to permit the
material  to become rigid through loss of heat,
Glassebonded mica in o materinl with whic
every engincer enguged In the demign of high free
quency transformers whould be familiar, Present
tondencies toward higher ninbient temperatures and
minisiurization of components cannot but direct
attention toward shin material in view of its ex-
cellent mechanical und clectrical propertien,

MATERIAL CHARACTERISTICS

Were it not for thelr cost, technical ceramics
would have a much wider une in the electronicn
industry, They can be provided with holea either
tapped or plain, Some wre available gluxed* or
unglazed, although thowe with low cocfficionts of
exprnwion are diflicult o ginze withaut having
crazing’ appeas at elevaled temperatures, Roceat
dovelopments in surlace wlazes have subatantially
leasened the dangers of crazing. and it appears
probable that it will avon be possible to glaze all
types of ceramic materinla without danger of craze
ing. It is possible 1o vuat ceramics with metal,
thereby providing # wurface which may be readily
soldered. Because cotamics are availuble in wo
many expansion nm»-. it hes been po--lbl. to
develop I, and
lln-mto-melnl acaln r-.mhl- of operation aver exs
tended temperature rangea without danger of leaks
due to cracking of craring. Sizes and ahapos in

‘m..u. s 42 oporation Foriormed primerily te make 1he oure
o ras

mic sasy te eloan. It does not coniribute te
Iv-w molstiee bacrption, 88 41l moterials sppeeved under
JAM-10 must Be satisfaciory In this reapect belero glening.

"iny sutece cracha,
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which ceramivn may be obtained are almowt limit-
leas since the piecea may be formed by dry presse
ing, wet prewning, extrusion, or casting, ‘They may
alsobe machined bhelore Tiring from piecen of either
pressed or extruded material, After firing, the ma-
terial is too hard to permit machining, but grinding
or lapping o honing to uccurate dimvunxions is
possible, Huweyer these operations are evpensive,
and good denign practice will call for an little
postefiring wnek an will give the denired dimennions
in the final piece,

Becuune of the nature -of ceramic materinls,
there is u aubmtantinl amount of shrinknge in size
between the green state and the final ficed atate,
Thin shrirdope varies with the particular compo=
sition of the material but may be considered as
approximating 15 to 20 per cent for the average
electrical grade of ceramica. Develapment work
now in provenn will undoubtedly result in a sub-
stantial reduction in this figure, While fuirly pre-
dictable, shrinkage ia at times difficult to control.
Frequently the length and thicknean of n pioce will
show different shrinkages — probubly because of
a difference in pressures incurred in moiding.
Ceramics, therelwe, require greater dimensional
tolerancen than would otherwise be the cane, with
the standard toletance for ceramic purte being
+1 per cent with nothing leas than $0.005 inches
overunglazed nurfaces, and £2 per cont with nothing
less than 10, l)lu inches over glazed surinces. To
maintain cloner livits means either neloctive gaug-
ing o post-liring operations — both of which are
expensive — but where cost ia no object, ceramic
pieces can be delivered within limita of 10,0005
inches ov even lens,

USES IN ELECTRONICS

In -the denikn of high frequency transformers,
one of the principal uses of ceramic material is
in coil formm where operation at elavated temp-
eratures or eaceplional temperature stubility fe a
basic requirement, Geramic coil forme may be cither
tubes or mulid dowels. They may huve smooth
surfaces, of they may be threaded for use with
solenoid windings, In the case of tubew, the thine
nest  wall thicknesa obtainable In commercial
practice is 3/32 inches in a tube with an ID of
5/16 inchon. Ellipticity is a serious problem with
thin walled ceramic tubes. According to General
StanZz=da of Steatites ond Other Electrical Gradse
of Ceramicst

“Ellipticity shall be determined by dividing
the marimum diameter by the minimum dio~

ey siprm

Rt 00 A o i e 5

meter measured in the same plane perpendis
cular to the avis, For wall thicknesses of
? ta 10 per cent of the outside diameter, this
quotient shall not exceed 1.03 and for wall
thicknesses of 10 per cent or more of the
ontside diameter, thix quotiens shall not exs
ceed 1,02,
Hecaune of this problem with ellipticity, denigna
requiring absolutely round ceramic tubes — for exs
ample, permeability tuned teannlormers — whould be
approached with caution wiace such tubes can be
obtained only by selective gnuging or by grindin,

Other uses of ceramicn fn high frequency tranne
futmer denign may involve terminal boards, bushe
logw, capacitor bases, npacern, resistor coreu, and
other, applications where dielectric strength, low
divlectric  constant, low los factor, excellent
moiuture resistance, freedom from cold flow, and
mevhanical stability at elevated temperatures ure
requinites of the design,

While vitreous ceramics generally have excele
lent moisture resistance, for those cases where
mavimum  resistance to the effects of surface
molsture  is required, ceramicn may be given u
wirlace  treatment with a silicone solution. For
mavimum  effectiveness, thin treatment — which
connints  of dipping the hot ceramic parts ina
dilnte nolation of a silicnne® in a volatile material
wuch an carbon tetruchloride or trichloroethylene
followed by baking at 160 C for one hour or 300 €
for une balf hour to remave the solvent and wet
the milicone film = whould be done immedintely
alter the pieces are removed from the kiln before
they have become contaminated through handling
of exposure to n\mmphefr.

wide variety of nisen and shapes of ceramic
material is available from various
who are tooled on theme itews. i‘nmiliuily with
theno standard parts in ewaential to economical
demign practice, since their use wierever posnible
will help to avoid tool contw and production delayn,
liecnune of the conatant changes which are the
natural remult of customer requirements, it will be
found most helpful to an engineer to maintain clone
contact with the ceramlcn manufacturers. By ao
dnlng, he can be assurad of up-to-date infors .ation
on hoth the propertics of the varicus ceramic mae
torials and the standard parts which are immedis
ately avaiiable.

*3uch o3 Dow Corning 200 Pluid = 330 comtistokes,
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* CERANICS
DESIGN PRINCIPLES

Since standard parts often will not wuffive, &
coil engineer should be sufficiently familine with
ceramics to enable him to denign parts which will
be both practical and economical. In geneeal, the
design principlen which apply to planticn apply
also to ceramicn nince both are molded materinln,
Cerumicy, howeser, require heavier wall mection
flat plates to be free from warpage should never
be designed lewn than 18 inches thick with 1/4
inches even more denirable. Rith the exception of
plass-bonded mica, metal inserta cannot be molded
in nost technical ceramics because of the high
firing temperaturen, Simple shapes adupted to come
pression  molding or o eatrusion will be found
most econvmival wnd most watisfactory.

Bherever posnible, ceramic ports should he
ordered in accordance with the industry-accepted
tolerances quoted eatlier in this chapter. Not unly
will tightening of thewe tolerances increane the
cost of the partn, but it in likely to result in much
more  difficult procurement with subsequent pros
duction delayn. It in hoped that the chart wppenring
as Fig. 55, entitled Good Design Practicea for
Ceramic  Radio lowulators, will be found helpful
when ceramic parta must be designed.
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-“V'he upplication of u silicone treutment connintn of three nimple stepm

2, Solvent application
3. Curing

1. Cleaning
€ ATALOGS AND TECHNICAL INFORMATION OF
For optimum results, the aurface of the articlen ta be treated must be dey and free of absorbed greana . . . . . .
and electrolytes. Wherever poanible the silicone trentment in preferably applind to new, unhandled ceramic American Lava Corporution Mycalex Corporation of Anerica
purta, Cherokee Boulevard and Manufacturers Road 125 Cliftan Boulevard
To cieun articlea that have been uncd, two methadw of cleaning are wnitabler Chuttanooga 5, Teaneuco Clifton, New Jerney

a. Heat to above 400°.C fur | hour or more Cunleidgr Thermionic Corporation National Ceramic Company
b, Negrease by meana of a solvent degreasing operntion 410 Concord Avenue 500 Southard Street
Cambridge 38, Massachunettn Treaton 2, New Jerney
I oither case, if electrolytes might be presant on the wurface, the article nhould be imraersed in boils . e
ing distilled water for 30 minutes and dried prior to heat cleaning or degronning, Coming Glass Works Nationai Comp vy, Ine,
Corning, New York 61 Sherman Steeet
S i Walden, Massachumettn
2, Solvent applicat ) . alden,
olvent cppiication Geueral Ceramics and Steatite Gorporation
Only & very thin film of milicone is required and excesn should be avoided, Crows \|i||.ﬂond Stupakoff (_Ier-univ wnd Manufactaring Company
Prepare @ 2 per cent solution by weight of Dow Coning 200 Fluid in methylene chloride, carbon tetras Keasbey, New Jersey Box 390 H:]van Avenue
chloride, trichlocetbylene or perchlorethyl 1t in prelorable that this molution be prepared fremh, A nos Latrobe, Pennaylvanin
Jution which has stood for several weeks may become lean effective.
Dip the article to be treated into this solvent nolutlon; remove and drainy air dry or heat for one<half , .
bour ut 100° C 1o allow the solvent to evaporate. SPECIFICATIONS

: JAN-L? QPL-108
3. Cuing “lasulators, Glass-Honded-Mica, Radio *Insuluting Materlale Ceramic Radio, Clann 1
! Specification JAN 110
After wolvent evaporation, the silione film meat be copletely cured = un operation which i enally ! JANAD (Specification JAN1-10)
accomplished by heating for 1 hour at 300° C (572° ) or two hours a1 275* (: (527* F). “Innulators, Steatite, Radio™ 1536
“Insulation Sheet, Flectrical, Natural Muncovite
JANL-(1) Mica"
““Insulators, Glass, Radio
7220
JAN-1-10(3) ““Innulating Matetinln und Partw; Cleaning of*

“inaulating Materials, Ceramic Radio, Cluss 1"

General Standards for Steatites and Other Elece
trical Grade Cerunica un adopted by The Neatite
Hesearch Council,

JAN-I-21(1)

*‘Insulutors, Porcelain, Hadio"
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PLASTICS

Plastiv ure synthetic organie materinls. They
derive their name fron: their mont important peo-
perty = the cuse with which they can be molded.
The plastics industry probulily has ite beginaing
with the initial production of velluloid in the year
1870, lowever, it was not until Dr, Leo H. Baeke-
land nonounced his discovery of phenolformalde-
hyde ronin in 1909 that the planticn industry reaily
bogan the growth which han carried it to a point
whete its wales volume appronimates three billion
dollure per year, making it the wixth largént in-
dustry In the United States,

THERMUPLASTICS

Plastie materials can be meparated into two
major clunnifications based wpon their Lehavioe
when subjocted to heat. Firnt, there we the thermo-
plastics whick woften under hout and hurden again
whea cool, This change of atate In not accompaniod
by any chemical chunge und muy be repeated a
number of times without altering the propestics of
the wmaterial, More than a dosen banic plastic re-
sins full Into this class, wil among them are
materialn with scftening pointm tanging from up-
proximntaly 140 F to more than 250 F. Thermo-
plastic materiuls exist within a wide range of
mochanical and electrical propertion as well us of
softening temperatures. Some have u sharp soften-
ing pointi others become propremmivaly softer as
the temperuture rises. From the standpoint of an
englnoor engaged in the donlgn of electronic com-
ponents, the most serious drawback of the thermo-
plastic group of materialn in their inability to
withatand elevated temperaturen,

THERMUSETTING MATERIALS

The mecond major cluwsification of plastics
ia the group of thermosetting materials, These
woltan only once under heat, whereupon they

wndergo w chemical (huage which leaves them
hardened and impervious o further applicationn
of heat up to the chaming pointe Actually, with the
exceptiva of the relatively new alkyds and wilis
conen, there are but three “of these plunticn an
gencral use — phenol-formildehy de, formuld

hyde, and malamine-Jormaldehyde or, ws they we
more commonly called, phenolics, ureas, and

metamues, Since thews materials do not tend to
noften under heat, they are widely used in appli-
cutions where operating temperatures will runge
between 150 to 300 Fu
FILLERS

‘Thermosetting reminn ave rarely used without
the addition of fillers, Amang the various materiuls

employed for this purpome are wood flour, cotton
{hock, glass fil lered mica, and unb

J "
The percentuge of filler to rewin varies widely
according to the particular renin und filler aelects
od and to the purpose for which the filler in udded
Luv way, in certain inmtnncen, go as high we 50
pee cent by weight, N

‘There arc @ number of reanons for the une of
filleew. Not the leant of theae in the reduction in
cont of the molded piecen renulting from the fact
that moat fillers are far lonw expennive than the
tenine  with which they ure used. Alno of ine
fwtance is the inceeaned production obtaincble
from each cuvity as a remult of the shortened curing
cyele made poanible by the wddition of fillers 1o
the bose renin. Another fuctoe which is influenced
by the use of fillern In shrinkuge of the mokled
purtn during the curing cycle, All plustic materinla
wheink sumewhat during nolding — u condition re-
wulting in-such effects un the presence of “*shrink
warkn®’, warpage, und dimvowions! inatability, all
of which are leswened ly the addition of fillers
10 the base resin.
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Fee applications in the fleld of electronicn,
the filler of greatest importance is powdered micu,
Use of thin material substuntinlly improves the
electrical poperties of almost every thermosetting
resin winco the electrical lousen originating in
the mica ure far less thun thowe which are in-
herent in the pluatic. In addition to improving the
eloctricul properties of the molded parts, the o
of powdered mica also lessens the tendency of
the plustic to absorb moisture, while at the same
time it Increunen the dimensional stability of the
molded pieces. A dicadvuntage of mica-filled
materinle in found in their lowered mechanical
strength  remulting from failure of the remin 1o
“wet’” the mica during the mixing process. Then,
100, if it is neccaaury to perform any muchining on
the fininhed pieces, the addition of mica mukes
these oporations much more diffizult.

Woud flour is often used to improve the physicul
appoarance of molded parts, but its use in radio

quency P ie not g 1ty d
ed bacuuse of its poor power factor and its tend-
ency to invite corrosion under conditions of high
humidity.* For applications where impact resist-
uace is of prime importance, cloth fillers nre used
to produce pirts with up to 15 times the whock re-
sistanco of mimilar pieces made from the same

in filled with wood Mours Asbestos is some-
times usod as a filler where maximum resistance
to clovated temperatures and/or unusually gremt
dimenaional wtability are required, but because of
poor eloctrical characteristics, it should not be
conmiderod for eny purt which will he located with-
in a radio froquency field.

Thermoplastic materials are, for the most part,
waed in pure resin form without the addition of
fillers, This fact is especially true of the acrylic
group, while oo the other hand polystyrencs are
sometimes used with fillers in amount ranging up
to 40 per cont by volume,

MOLDING METHODS

Molding is the most important means of fabri-
catiag I astic materials, Throe methods are in
commoa use, the beat known being compression
molding, As the name sugguats, In this method
the plastic material in formed under pressure and

8es diseusaion of sleetraiytie carrasisn In Becticn § of this
ey

heat to its finul shupe.’ The simplest moldu are
those in which the plantic is placed in a cavity
oither as a preform or aw a meanured amount of
powder. (A proform conninin of u definite umount of
plustic which hus not been heated but merely
prewed sufficiently to mako it hold together in a
foem which will fit in the cavity of the mold),

With the plastic in the cavity, the mold is
placedina heated prenn and closed under presuvren
sometimes reaching ws high as 5,000 poundn per
squire inch, Under heat and pressura the romin is
cured at approximately 320 to 325 ¥ for s period of
time ranging from a mutter of seconds to an hour
or more, depending upen the material, its quantity,
and the nuture of the fninhed part, During the
cure, a change tukes place in the resin lowving
it herd and in exuct conformance with the shupe
of the mold cavity. When the cure is complete, the
mold is opened und the piece is removed.

Compression molding is the gencrally nee
cepted method for handling thermoeetting matertalus
It can be and 4 is used for th b
materials in which caso provision must be made
foe cooling the mold bolow the hardening point of
the plustic; otherwinn it would be impossible to
remove the finihed plece, Since this iv noither
simple nor a practical meithod of bandling theemos
plustic materials, a mwo commonly used method is
thut koown as injection molding,

This process wan developed to eliminate ale
ternately heating and cooling the molds when work-
ing with thermoplustic mnterials. Aa the numo sug-
gests, the semiliquid thermoplastic is actuully
“injected” into the mald cavity under consideruble
pressiwre. The cavily is cool when the material
onters, and the mold remains closed only long
esough for the thermoplastic to cool below ite
bardening point. The mold can then be oponed, the
part removed, and the cycle repeated. Injection
molding is much more rapid than compresaion
molding, and somctimes ws many as 5 *‘shots’
per minute are ponaible. Since production molde
usually co:tain a number of cavities —~ more than
a hundred in some casos = injection molding lends
Jtnelf to high producticn rates and low costs,

For many years the economics of thermopleatie
Injection molding were denied users of thermos

"in eortntn cpoviiie Lastontss 08, for exemple, in the mave

.
FOMLty @ Torm of cougression moldiag, in the plastien is
Wusiry tals procedwre 1s hnown A0 eeld

PLASTICS

MOLDING POWER
OR MOLD CAVITY

PREFORMS
HYDRAULIC

PRESSURE

MOLD OPEN

MOLDED PIECE

MOLD CLOSED

Fig. 61 Rasic principles of compression molding.
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PLASTICS

WELL CONTAINING
MOLDING COMPUUND

INJECTION RAM

N e

MOLD CLOSED

MOLD CLOSED : Fig. 63 Busic principles of ransfer molding.

Fig. 62 Basic principles of injection molding.
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setting materialu because the nature of these plast-
ice prevented their use in injection molding, To
make thermouctting waterials more competitive
with thermoplantics, a new molding procens known
as transfer molding wus developed and later
patented, *

becuuwe of uniform cross mection can be extruded.

The process cun also be extended to the point of

extruding plustic materiuln directly on wire for

innuluting purposes. Dimonnionsl tolerances wre

necounurily greuter on extruded purts than on mold-

ed parts but will be found watisfuctory for many
Voatt

Traasfer moldiog ullows ther ing mater-
iuls to be handled with approximutely the same
techniques ww those used in injection molding.
A transfor mold cootuing a smaull cylinder or well
in which the thermosetting molding waterial is
beated to the flowing point but not to the curing
point, ‘The fluid plastic is then injected into the
cavity whero it remains under heut and presswre
until cured, This process is purticulurly advant-
ogeous when wmull inserts munt bo molded into
the fininhed pioce. Mold design in womewhat comp-
licated, but the ndvantages of transfer molding
are uodeniuble.

ONVEYOR

. COt

LAMINATES

Another process widely uncd in the fabrication
of wheets, rods, und tubes, is known us laminating.
A laminated material is [ormed from layers of in-
dividual filler sheets bonded together by resins
into a solid body, Phenolic tubes and sheets so
widely wed in the electronien industry for coil
formas und terminal boards we exumples of lamin-
ated plastics. Paper, cloth, unbestos, glass fabric,
and other similur materinls muy be used with any
thermonetting plastic to prepure u luminate,

DIE :
~HEATING ELEMENT
HOPPER

Fig. 64  Rasic principles of continuous extrusion process.

EXTRUSION METHODS

In adlition to being moldable, sume plastic
materiola may he forced through a die to produce
& strip of materiai shuped like the die opening.
Only thermoplastic materials can be extruded,
since no opportunity is afforded for the cure of u
thermosetting plastic.

Ia general, i ion s a
tively simple process requiring neither sxpensive
machinery mue complicated dies; und although not
without Its problems, it is a very fust and sat-
isfactory metbod of making ribbons, tods, bars,
tubing, and other forms of plastic materials which

"shaw lasulstor Company, Lrvingions New J ar

Laminates are made in many different grades,*
Their fobrication begins when the filler sheets are
impregnated with a varnish wolution of the basic
renin, This impregnation is accomplished by pase-
ing atrips of the paper, cloth, or other materials
through the varnish and then through a wringer or
squeeze roll to control the plastic coatent, The
stripn then enter an oven in which the liquid por-
tion of the varnish is evaporated and the cure
of the renin begun — but not completed — for the
plastic munt belefi ina state permitting good bonde
ing and quick and complets curing in the final
Iamination process.

‘see for st of MIL
verious weden of plastice.

Pertaining to

Laminated sheet stock of the type wsed in
torminal boardw in formed inhuge hydranlic presses
under pressuren of 1300 1o 2500 pounds per nquare
inch and temperatures of 300 to 350 F. Stackn of
impregnated fillee wheets are pluced between
chrome-plated wieel face-plates where, wnder the
combination of heat and pressure, the various
luyers bond an the resin flows, finally curing
into a solid wheet, When the cure in complete, the
presses  are cooled ond the Taminate removed.

Laminated tnhing in made from the same ime
pregnated  filler nheetn as s the fla' stock and
may be rolled tubing v molded tubing.

Rolled tubing v made by pansing the treated
strips  of filler over u heated roller nnd onto a
steel mandrel of the proper dinmeter which s
centered among thren rollers applying pres.sure to
the strips as they are wrapped around the mandrel.
This combinutivn of heat and pressure bondw the
layers sufficiently 1o prevent unwrapping while
they are being trunnferred to 275 F ovean for n 18
hour curing cycle, When cuwed, the tuben are
stripped from the mandrel and centerlens ground to
the proper diameter,
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Wolded tubing in made by weapping the required
number of layerw of impreganted (iller on mandrels
which are then placed in clowed moldn where heat
and  premmurs cure the resine, Conentrici
more likely 1o be o problem with watded t
and wome weakneas may be noted wlong the
ing line' wheee the mold clonen, Denxity, howe
ever, in higher in molded tubing with consequent
lower water whworption = u point of importance in
high-Irequency applications.

Laminaten, enpecially thowe with fillers of
paper or glann, are of special interest to the elees
tronic  components designer manve they offer a
very desitabile combination of mechanical strength,
reaxonably pand electrical propertion, and relatives
Iy high leat stability, Laminaten are available
in many differear grades which offer a wide variety
of electrical und mechaaical charncterintics,

CASTING

Casting I vne more method of wiilizing certain
plast There are obvious advantuges to a mute-
rial which can be poured into w ol wnd cured
under little or no presaure either ot foom or alights
ly elevated temperatures, Recent years have seen
the development of several such reninm, Chiefly
of the thermonetting type, wome of thene resins
bave eatremely high heut-dintortion points aod
excellent electrical propertien, Shrinkage in some-
times o serlouw factor in the une of cunling renine
enpeciully where inserts are involved, but this cun
be minimized by the addition ol (illers and by
control of temperatuces during the cure,

Practically oll casting renine reyuire the ue
of w catalysts Depending upon the nature -of the—
resin and the (howen catalyst, the reaction which
uccompanien the hardening process may of may
not require the nddition of heats In ull canes the
reaction i distinctly exothermici wml whenever
canting in Cunmidered, dissipation of the resulting
heat munt ulwo be considered. An w4 means of
embedment or encapsulution of electronic compo-
nents, the une of castingresing hun much to offer,

So cany wre they to hendle, that an a means of
muking u [rw plastic parts without Incurring either
the expenne wr loas of time involved in the dewign
and fubricution of a steel mample mold, casting
reninn are without equal. They tun be used in
inexpennive, quickly and canily mude plastinol

67
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molde®, which will, with reanonsble care in hunill-
Ingy pormit up to 50 oe more pieces bafore requicing
roplacoment,

"Thin process In aduptable to the use of Loth
sthowyline (epoxy) wml polyester type romine uw
well wn to certain phenolic remina. Requicing u
windmum of equipment beyond that found in the
wverage coil laborntwy wnd without the ticing up of
approciuble umounts of npuce or money, the combinas
tow of canting renlnm and plastisol molds offers o
bighly peacticul und readily uvailable meann of
peoving out newly deaigued plastic purta withowt
vontly expendituren ve dolayn,

ELECTRICAL PROIERTIES OF
PLASTIC MATERIALS

Since nourly wll plantics are insulators, their
Inteoduction inte the field of electronica camn
about wa a remult of their high resintance peopare
tien, o p Iny electronic ponentw, plants
fen wppear prominently in coil forms, terminal
board, wire inwulution, lnsulating tapes, trente
ment (coil imprognution) materiale, and many other

lasti

b

places, Both g and

that i introducad into the magnetic field of u coil
brings with it lonw proportional to ite power
factar, OF all the common plasticn, polystyrene
with its average power factor of 0,0002 mukes the
bent coil form material; while nylon and cellulose
acetate, having power fuctors of 0,030 wnd 0,055
respectively, will substantially lower the Q's of
coils wound pon them,

Moisture abvorption is almost an important as
power fuctor wnl lurgely for the same reasons.
Moisture within the ficld of u coil means losses,
and while propee impregnation may minimize the
dungern of w material high in water abworption, it
in 1o the wdvantage of a design engineer to nelect
# materinl wm low an possible in thin particular
characterintic, llere ugain, polystyrene ranks high
on.the lint with » mointure absorption exprensed in
percentage of weight of water absoibed of 0,08,
compared ta 150 for nylon and 3.80 for cellulose
acetate. Bemt of all the plastics in thin regard are
the polyentern whone water absorptions average
0.01 per cent,

The volume resistivity — actually a measure of
the conductivity of the material — in impertant,

rowine are used, dopendlug upon the requiramenta
of tha particular application.

Polyatyrene, togethee with its copolymera Inune
of the most matinfuctory materials for use within
the magnetic fieldw of rudio frequeacy coilw, The
areatest drawback of thin material in itn relatively
low heut dintorthon point, but credit must be Riven
to the manufuciurern who, through diligent renenrch
over the paat ten or more years, have mucconded
In moving the hewt dintortion point upwurd nenrly
40 €1t in, however, unwise to consider polyntyrena
o any of its coplymers for conti pecath
At temperaturen much In excess of 85 1o 90 (;,

Selection of the proper plastic materinl for &
pueticular application = foe oxample, a coil form =
ia dependent upan weveral factors, and it in probe
able that no material will poasess all the denirnd
properties and that a compromise on mome points
will be necemsnry,

The most important single characteristic |n
probably the power foctor of the material, Power
lactor may be delined in various ways, but it in
cunentinlly @ measure of power losses am theres
foco should bo aw wnnll am possible. There are no
perfect insulatorn, wnd wny non-conducting material

'Por nstructions fur mabing plastisol molda, ses Weetion 18
of this menual,

68

T lurly wa It muy affect electrolytic corrosion,
and it im extromely important is those cases where
fine mizen of magnet wire are to be in contact with
the material, Relerence to Fig. 66 will nhow poly-
styrene bewt in thin regard, having an average of
about 18 million ahmm, It should be noted that there
are fewer differencen nmong the various materiale
in this characterintic than in most of the others,

Completing the list of ing elactrical
characterinticn are the dielectric constant and the
dielectric atrength of plastic materiuls, It is desir
uble that the diclectric constant bo as low as
posnible In order 1o minimize the distributed cup-.
acitunce of the windings and also the cupucitance
of the coil to the core when plastie coil forms
we vned with tuning cores of any type. Plastics
vary widely In thin property from certaln poly-
esters with u dielectric constant of 2.3 und poly-
styrene with 2.6 to fabric and flock-filled phenolics
which averuse botween 8.5 and 10.0. Dielectric
strength in unually recorded in volts per mil thick-
ness und ranges from polystyrene with 600 volts
per mil to fabric-filled phenolics with values as
low as 250,

Mechanical ch "

of plantic
wre important to the designer of high-frequency
componcnin and will be found to vary greutly.
Mechanical strength sufficient to permit hundling

and wssembly operationn in of extreme importance,
and wince plustic coil formn wre often wsed with wall
thicknesses s low um 0,008 inch, it is Apparent
thut neither excesmive lritilenens nor flexibility
cun be tolerated. Dencriptive literature uvailuble
from nearly all plastica munufucturers will be of
kreat assistunce in the welection of proper plastic
muteriuls for specific applications.

DESIGN OF MOLDED PLASTIC PARTS

An understending of plantics molding in ennent-
iul to the design engineer if economically manu-
facturable purts ure to be produced. Fuilure to
conmider the principlen of good plastic partn de-
nign may lead to high mold costs, excessive piece
breuhege, warpage, of to other factors having a
nerious influence on buth the cost and the effect-
ivencus of the finished pince,

Intelligent demign practice begina with an
understanding of the banic principles involved in
the denign and construction of pu istic molds, Moldn
we usually expensive am they are made’from the
bewt grades of tool wtecl, hurdened and ground to
withntand molding pressures of 2000 to 5000
pounds per square inch, All surfuces in contnct
with the plastic ure highly polished to give
good appearance to the piece as well av to permit
ita ensy removal from the cuvity.

Molds — or dics, wn they are often called —
have a normal oac-wiy (use.dly up and down)
motion. This is important to remember us any lea-
ture which interferew with thia normal motion or
which cannot result from it will add to tke ultimate
cost of the molded piece, It is perfectly possible
o put undercuts in a molded piece or to put holes
in the side of it ~ but these and similar operativns
meun additional mold parte, ofien sccompunied by
complicated cum-actuated mechanivms to permit
withdrawal of the finished piece. Such requirements
should be avoided unlens absolutely esmential.

The space in the die where the molded part
is formed is called the cavity. The final tool
may contain a single cavily or it may contain e
number of cavities which in transfer or injectivn
molds are connected by channels through which
the molding material flows to reach the cavitien.
These channels ure culled ruaners, while the main
entrunce into the dic in hnown as the sprue,

Since plastic moldw are necessarily axpensive
because of the amount of precision work thut goes
into them, steps should be taken to keep mold
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cont as low au ponnible, One procedure ‘that {w oftea
followed is 1o include more than ore type of cavity
in the mame mold wa, for example, a-luse and
cover ansembly or right and left hand muting parts,
As long an the piecen are of approsimately equal
size, no werivun difficulties are involved in this
practice.

In multi-cavity molds it is the generally ac-
cepted practice 1o moke. the cavities n wuch a
manner that they can be removed and “or cepluced
without dewtroying o dwnaging the moldy "This is
un important fenture of mold design minee the heat
and pressuren enconntered in the moldlog process
often result in hunnge to u cavity which, if not of
a replaceable type, would require replacement of
the cntire mold inmead of merely the damaged
portion,

Die cavitien may be formed in two wuyw — by
hobhing wnd by machining. 1f » large number of
pieces are 1o be made, o die with noveral cavities
will greatly reduce molding costu, In wuch canes,
the caviticn will probubly be hobbed.

A hob in u picve of steel mule Into an exact
replica of the pant to be molded und then hardened.
The hob is then pushed under tremendoun prossur-
es into piecen of low carbon steel where it forme
cavities requiring vnly minoe fininhing operations,

chiefly of polishing nnd hardening,
before being rendy for insertion in the production
mold. Hobbing offers definite advantages where
seversl identical cavities are required, Difficult
hining operati nced be perl. d but once,
since burring nccideatal damage, the hob can be
used to forn a conmiderable number ol cuvities,
each exuctly like the others,

For production molds with fewer cavitiea, it
is usually more economical 1o form them by mach-
ining. Caviticn are weldom machined in dne piece
but rather we made vp from a number of picces
corefully fitted together. Precinion wark Is called
for, and cvon then it is not uncommon for minor
differencen 10 appees whea the piccos we unsembl-
ed into the final tovl. For this reuson, cavities
wre usually ldentified by letter or nunber wo that
piccen may bo traced directly to the cuvities thut
peoduced them,

Certain buale principles govera good molded
plastic deaiga practices. While almont uny shape
caa be molded, the designer will du wall to keep
the following fundamentals uppermont in his mind:

1. Molded parts must have & certain amount of
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taper or draft to prevent sticking in the
cavity. While the prrmissible minimum will
vary somewhut with the material wnd the
particular napplicution, it is generally cone
ceded that wt leant onc-half degree of tapor
munt be ullowed in all cases, and one de-
gree whould he given wherever pownibles
Wall thicknewn bs an extromely important
point. Thin wections (0,040 inch or lewn)
are likely to bo traublesome, particuluely
in th ing waterials, Uniformity of
cross mection does much to lewnen the
dunges of warpage and also amminte in
more wniform cure und leas shrinkugo, Ribs
may be uned freely to stiffen thin woctions
and reduce the danger of warpuge.
As an wid in denigniog a wolded part, it
is helpful to try to picture the cavity that
will ba required, 1f the cavity is to be hobb-
ed, raised lottering or other features whove
the surface will be costly, while in a mach-
ined cavity they cun be stamped or enyraved
in the mold without difficulty,
Holes in  plece meun pins in the mold, If
the holes ure amull, the pins that form them
are noceumwrily weuk and subject to die-
tortion und braakage us well as to compara-
tively rupid wears Locating holes too nowr
the edge of w piece will often romult in &
weakening of the walls at that point,
Wall wectionn Joined at right aoglew should
include w fillot et the point of joining,
both foe almplicity in mold design und for
reducing potential beeakage in the pleces.
The radium of the fillet should be ua lurge
us in consistent with the requirements of
the picces
It is not the purpowo of this discussion to do
more than preacnt the highiights of good molded
plastic  parte dewign. The saggestions offered
here and in Fig, 6-7 wre mecant to guide the thinke
ing of a traasfurmer engineer to a point where he
will ke awwre of the probloma involved in molding
and therefore will spocify reasocasble designe.
The actual design cf the mold is a problem for &
mold engineer, and the final piece may well re-
prescat compromise on the part of both engineers,

Figs 66

IMPOI'TANT PROPERTIES OFF COMMON 'LASTICS.

Flg 660 (1 of 10)

PLASTICS

MOISTURE, ABSORIPTION = The pereentages by weight of water absorbed by o swmple immeewnd in water.
Depowls on areu exponeds

1. Polyester
2. Polyethylene

Hurd Rubber
3. Styrone
4. Mica Filled Phenolic
5. Vinylidene

Shellac

Renin Filled Phenolic
6. Ashienton Melamine
7. Mineral Phenolic
8. Alphu Melamine
9. Cunt Phenolic
10. Laminated Phenolic
11, Wood Flour PPhenclic

Urea
12, Fubri¢ I’henalic
Fulric Melamine
13. Ethyl Cellulone
Nylon
Cellulone Nitrate
Cellulone Propionate
14, Cellulose Acetate
15. Cusein
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0.01
0.02
0.02
0.04
0.07
0.10
0.10
0.10
0.13
0.18
0.30
0.35
0.50
0.60
0.60
1.00
1.00
1.50
1.50
1.50
150
3.80
10.50
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Fig. 6-6b (2 of 10)

PORER FACTOR = Tn  perfect condenser the cuvent leads the vuliugn by ninety degreen, When a lous Vige 6:6¢ (3 of 10)
tihen place in the tnnnlationthe absorbed currant, which produces hest thrawn the ninety degron relution N N
wut uceoeding o the proportion of current abmorhied by the dielectrie, The Puwer Factor is the conine of the SAFE TOP OPERATING TEMPERATURE in degroen Fahrenheit,
angle betweea voltage applicd und the curen romulting. Measurementn wie wnually made ut million cycle
frequencies. 1. Mineral Fillnd Phenolic

Glass Fitled Melamine
Power Factor 108 Cycle . 2. Flock Filled Phenolic

A Assenton Melnine

Nylon
Polyethylene ; 3. Keod Flour Phenolic
2, Polysutor . . M cu Filled Phenolic
3. Hard itutber i 4. L uninated Phenolic
4. Mica Fillad Phenolic p 5. Resin Filled Phenolic
5. Gluan Fillod Melamine . Fabric Filled Phenolic
6. Vinyl Co-polymee
7. Rexin Filled Phenolic
8, Celluluve Propionate
9. Fihyl Collulone
10. Butyrate
11, Alpha Melumine

Anbienton Melumine

12. Urew

1. Styrena

illed Mclumine
8. Polyenter
Polyethylono
9. Vinylidene
Cellulone Propionate
Styrene

10. Lignin
13, Fabeic Molamine Uren

14. Laminated Phenolic 11 Butyrate
Kood Plowr Phenolic . H Shellue
Cant Phonolic .

Nyloa

15. Vinyliilene
Fabeic Mhenolic
Minoral IPhenolic

16. Caneln

17. Cellulove Acetate

18. Floch Filled Phenolic

19. Cellulane Nitrate

12. Acrylate
Fthyl Cellulowe
Cellulone Acetate
Viayl Co-polymer
Cust Pheaulic

13. Cellulons Nitrate

G oo Vo BNt s e
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THERMAL CONDUCTIVITY i the time rate of the transfer of heat by conduction, thrw unit thickness,
acrosn unit area for unit didference in temperature.

1. Mineral Filled Phenolic
2 Polyethylene
Polyester
3 Melumine
I Urea
B Laminated Phenaliy
6. Cellulose Acctute
~ ! Butyrate
Fig. 60d (4 of 10) 7. Nylon
THERMAL EXPANSIVITY (Gorfficlen of Fxpansion) = The fncrense in length per unit length per dogros * i(f.:,lau‘; e Phemelic
centigrade rina in temperature, Flock Filled ",hrn”“r
1. Mincral Filled Phenolie Fubric Filled Phenolic
2 Ligain Cellulose Propionate
3. Laminated Phenalie 2. 9 Acrylate
T y Eibyl Cellulone
b e Filled Phenolie g 10. Nenin Filled Phenolic
6. Vood Flou Phenulie . 13- Cust Phenclie
7. Flock Filled Phenollo . 1. Viayl Co-polymee
& Melussine 13. Nard Rubber
9. Nesin Filled Ihenotle Bl
10. Casein Ptyrene
11. Vinyl Co-polymer
Styrene
Cast Phenolio Fig. 661 (6 of 10)
12. Shellac
19, Acrylate SPECIFIC IEAT of a substunce in the rutio of its thermal cupnvity to that of wuter ut 15 degrees C.
14. Nyloa \
Cellulose Nitrate 1. Vil Lo-polymer 0.23
15. Cellulose Acotute : 2. Mineral Filled I'henolic 0.30
16. Butyrate ¥ H A Vinylidene 0.32
12. Cellulove Proplonsie Styreae 0.32
18. Fibyl Cellulone ' 4, Huwd Rubber 0.33
19, Polyethyleas y i Fabric Phenalic 0.33
20. Polyester 5. Acrylate 0.38%
Butyrate 0.35
Luminated Phenolic 0.35
Cant Phenolic 0.35
Cellulose Nitrute 0.3%
6. Wood Flour Pheaolic 0.38
Flock Filled Phenolic 0.38
7. Cellulose Acetate 0.8
- 0.40
Cellulose Propionate 0.40
Nylon 0.40
8, Ethyl Cellulose 0.58
9, Polyester 0.55
10. Polyethylene 0.53

s

wneoeuNEI!

Ltoubunhusded

epnanaan

:2
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Fig. 664 (7 ol 10)

1. Styrene

2, Viny! Co-polymer

3. Acrylate

4, Hurd Rubber

5. Vinylidene
Nylon
Ethy! Cellulose
Polyethylene
Melamine
Polyester
Cellulose Proplonate

6, Cust Phenolic

7. Res n Filled Phenolic

Ure
8, Fabric Filled Phenolic
9, Butyrate
Wood Flouw Phenoli¢
Cellulose Nitrate
Laminated Phenolie
Mineral Filled I'henolic
10, Shellac

18.0
16.0
15.0
13.5

VOLUME RESISTIVITY — The renistance in ohms between uppunite fuces of u centimeter cubo of the
maderial; In In the order of millions of ohiua.

Fig. 0-6h (8 of 10)

PLASTICS

DIELECTRIC STRENGTH — The voltage that will rupture or puncture the material in quention when

pluced betwee
ives, 60 cyclen,

electricul gradient, Puncture voltage in volt per mil thicknexn in unually given in tablen,

trodes of a given size, Diclectric tests wre weally made wt commercial frequencies,
ho remults will vary with the thickness tested. The thinner the section the higher the

1. Styrene
Hurd Rubber
2. Lumin Phenolic
3. Ausbestos Melamine
44 Acrylate
5. Mica Filled Phenolic
6. Gluas Melamine
Polyester
7. Cellulose Nitrate
8. Polyethylene

. 9, Vieyl Co-polymer

10. Cellulose Propionate

11. Casein
Shellue

12, Nylon

13, Cast Phennlic

14, Resin Fillad Phenolic
Vinylidene
Lignin
Wood Flour Phenolic
Urea

15, Alpha Melamine

16. Flock Phenolic
Butyrate
Mineral Phenolic

17, Fubric Melamine

18, Fubric Phenolic
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600
60
550
535
500
475
460
460
450
440
425
425
400
400
385
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Fig. 6-6j (10 of 10}
Fig. 66i (9 of 10)
H SPECIFIC GRAVITY = The ratio of the weight of the molded piece to the woight of an equal
DIELECTRIC CONSTANT — Tho ratio betwean the capacity of u condenser with  given dioloctric and \ volume of water.
the same cupacity with a vacuum ov a dislactrics
1. Polyemtera 0.92
Diolerric Coastart 106 Cyclos . Polyethylene 0.92
2, Fihyl Cellulose 114
1. Polyenter ! Nylon L4
2. Styrene - 3. Acrylates 118
3. Hard Rubber 2 4. Cellulone Proprionate
4. Vinyl Co-polymer ; 5. Butyrate
5. Aceylate i 6. Molded Resin Phenolic
ithyl Cellulose : - 7. Cellulone Acetate
6. Nylon ’ 8. Cust Phonolic
7. Vinylidene . 9, Canein
Cellulone Propionate - . 10. Ksod Flour Phenolic
8, Roain Filled Phenolic . : Styramie
9. Butyrate 11. Fubric Filled Pheaolic
10. Cast Phenolic . 12. Vinyl Copolymer
11. Nivea Phenolic Lipnln
12. Cellulose Acetate 3 Collulose Nitrate
Wood Flour Phenolic 13. Urea
13. Fubric Pheaolic 14. Melumine
14. Fabric Melumine X 15. Hurd Rubber
15. Miueral Melamine Laminnted Phenolic
16. Flock Phenolic 16. Vinylidene
Mineral Phenolic X 17. Shollae
17. Gluas Melamine 18. Minoral Filled Phenolic
18, Cellulose Nitrate
19. Cunela

20, Ures
21, Alpha Melamine

B 0 W A R A A o LI G i
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PLASTICS

COEFFICIENT OF TIERMAL EXPANSION (LINEAR)
(10°% per °C)
Subatunce Temp. °C Coellicient

Aluminum -191 to +40 EA
Brass (Cast) 0-100 n
Cascin A,
Cellulose Acoto-utyrate(** Tenite ) 116
Cellulose Acetute (Molding Powder) 11-16
Cellulose Niteato (Pyroxylin) 12.16
Ethyl Cellulone 10-14
Glass (Plate) 0-100 0.9
= L “n
Iron -18 to +100 114
Lead 18-100 2.94
Methyl Methacrylato Hesin

(“‘Lucite’ or **Crystalite’) 075 8.
Parufline 16-38 1.0
Porcelain 20-790 0.41
Quartz (Crystal) -190 to ¢+16 0,52
Rubber (Hard) 8.0
Steel 18 to +40
Styrene Resin
Wood-

Ash
Maple
Oak

Zinc
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DRILLS-NUMBER SIZES

Dinmeter Diameter
Incher Inches o
; Fig. 610
2 1 .
0 3 Loags, : ETTER SIZES OF DRULLS

0890 : Diameter
20860 / Inchow
0820 ;
.0810
0785
0760
0730
0700
0670
0635
10595
10550
0520
0165
0430
0420
0410
0400
1039
0380
.0370
0360
0350
10330
0320

z
e

CBNON S D
-
°

@ @
&=

53
54
55
56
57
58
59
60
61
62
63
64
65
i
67
68
69

0292
-0280
0260
0250
0240
0225
0210
0200
0180
0160
0145

N-<><1<z:-JM=:ovozzrz-—=n-r1mcnr.:

ELBELRRPBISEIVRIRRIBB

|

LT g rosmmic s '

* - . C e 7 - - AR AN B e AR L o e A e
o w / e e - . ; . e gy b b Bl e i b ¢
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Fig. 611 (20f 2)

Fig. 6-11 (1 of 2) B Tup Drill ’ Drill Drill Drill
TAP DRILL SIZES FOR PLASTICS

F o x80 55
The following data are based on experi and is spocifically for Th ing Plastics, Use thewe 1x 56 /16 D832

sizes or one mize larger for Thermo-Plastics. H Clxot 52 8 x

Use noareat available drill aize, whether Number, Letter o Fractional Drill. If ¢cne does not have apec- i Flx72 51 0 x 2
ified typo, use nearest lasger nize. Specification of percentage thread is based upon Diameters in  small 2448 49 PR
sizes, and upon. Pitch in larger nizes. . H C2x56 43 9

The lormula used is — F2xo4 48 R

3x40 1 T10x
DT 2% (20) : C3x48 10 % 3
fn which 4 Fax56 I 10 x ]
4x 2 Moxd
D = Drill diameter : 4136 M
T = 0. D. of thread or tap C4x40 s
Faxa 12x
24 = Double depth of thread ; 5 %30 12 20
d = p(.64952) D 5x32 S12x
1 5x 36 12 x 21
No.thds.per in. C5x40 13x
. F5x44 10x
8 = Per cent of thread dopth desired 6 x30 13x24
Ce6xa2 14x20
6 x 36 14x22
50% below No. 6 F 6140 14224
60% No. 6 thru 14 Tx28 15x 18
Txd0 15220
70% 15 thru 30 7x32 15 %22
70% 1/4 thru 1/2" N. C. S, 8x24 15x24
70% 1/4 thru 1”* N, F. S,
75% 9/16 theu 1" N, C. S,

The **C** before the mizs shows the Standard N. C. S. size. The **F** shows the Standard N. F. S. slze,

-
Ere=ZCmnNmCoEs> -8 5%
°

p = pitch =

o

[=Ta-Ee]

Use the following percentage depthe of ihreads:
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Dow Corning Corparation
600 Fifth Avenue
New York 20, New York

National Lead Company
105 Yok Street

PLASTICS

Du Bois, J. I, Scribner, Goorge K. Brooklyn 1, New York
Plastica A Ready Ref-rence for Plastica ) I
American Technlcal Society, Publinhers, Chicago, Baonton Moluing Company, Boonton, New Jeraey, Nationul Vulcanized Fibre Company

E. 1. Dupont DeNemours and Compuny Filmington 09, Delaware

llinois, 1947

Hodgmun, Charles 1., and others

Handbook of Chemisiry and Physics, Thirty-fifth
edition

Chemical Nublier Publishing Company, Clevelund,
Ohio, 1953

1950

SPECIFICATIONS

MIL-P-31150
“Plastic-Material, Laminated, Th
Sheets, Paper-lluse, Phenolic-Resia*

MIL-P-3413 )
“Plastic-Materinl, Molding: Rigid Thermoplastic,
o plast

MIL-P- 14D
“Plantic-Materiala, Molding, and Plastic-Perts,
Molded; Thermonetting”

MIL-P-T7A
“Plantic-Material, Thermosetting, Cant: For use
icati and Allied Electrical

Polyatyrenc; For une i Electroni
and Allied Eloctrical Equipment'

MIL-P-150471
*Plastic-Matorlal, Laminated Thermonetiing,
Sheets, Nylon Fubric Dase, Phenolic-Resin’

ik
Equipment

MIL-P-798
“Plantle-Materials, Laminated, Ther
and Tubow'

MIL-P-09713

o'pluntic-Material, Laminated, Thermosctting,
Floctrical-Inaulating:

Sheelu, Gluss Cloth, Silicone Renia"

CATALOGS AND TECHNICAL INFORMATION OF:

Aluninum Company of America
230 Park Aveuue
New York 17, Now York

American Cyanamid Company
30 Rockeloller Plaza
New York 20, New York

Bakelire Company
30 Fast 420d Street
New York 17, New York

Boonton Molding Company
Boonton, New Jersey

Cibu Company, lac.
627 Greonwich Sureet
New York 14, New York

Clevelund Container Compuny
6201 Bwberton Aveaue
Cleveland 2, Ohio

Continentul Diamond Fibre Company
Newwrk, Dolaware

The Dow Chemical Company
30 Rockefoller Plaza
New York 20, New York

350 Fifth Avenue
New York 1, New York

Durez Plasticn and Chemiculs, Ine,

North Tonuwanda, New York

Fastman Chemical Producta, lac.
Kingsport, Tennewee

Emerson end Caming, Ine.
869 Wushington Sticot
Canton, Musnachunetts

The Fotmicu Compuny
4618 Spring Grove Avenue
Cincinnati 32, Ohio

B. F. Goodrich Chemical Company
RNose Building
Clevelund 15, Ohio

Insulating Fubricatoes, lac.
150 Union Avenue
Faat Rutherford, New Jerne:

The M. %. Kellogg Company
P. 0. Box 469
Jeruey City 3, New Jersey

Koppers Company, Inc.
Chemicals Division
Pittsburgh 19, Pennuylvania

Marco Chemicala, Inc.
Division of Cellunese Cotporation
Linden, New Jerney

Mopasunts Chemical Compury
Plastics Division
Springficld 2, Munnachusetts

Minnesota Mining und Manufacturing Company
900 Faquier Avonue
Saint Puul 6, Minnenote
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Naugatueh Chemical
D

inion Ui States Rubber Company

Nuugatuck, Connecticut

Nuodex products Compuny, lnc,
Elizaheth, New Jerney

Pittsburgh Cobe and Chemical Compuny

Plasticizer Divinion
Grant Building
Pittsburgh 19, Pennuylvania

Plaskon Diviniva

Libbey-Owenn-Ford Glass Compuny

2112 Sylvan Avenue
Toledo 6, Uhlo

Polymer Cosporation of Pennnylvania

Reuding, Pennuylvania

Renistoflex Corporation
Bellevilla 9, New Jersey

Rex Corporation
Rexolite Division
Hayward Road

Acton, Mansachunetts

Rohm and Haun Company
Washington Square
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Shell Chemical Corporution
500 Fifth Avenue
New York 56, New York
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Ouks, Pennnylvania

Taylor Fibre Compuany
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WAXES, VARNISHES, CEMENTS, AND LACQUERS

Soction 7

WAXES, VARNISHES, CEMENTS, AND LACQUERS

PURPOSE OF IMPREGNATION

Experience haw whown that if a coil in 1o op-
orate satisfactorily through extremes of temperature
and Lumidity, it must be sealed completely againat
the entrance of wre. The general term npplying
to thin sealing procean in impregnation. Numerous
waterinls und methods of obtaining this end are in
daily use.

Since the purpone of impregnation is tonsul the
coil completely, the mont satisfactory process is
one in which no voids remain which could aerve
an moisture traps. A well impregnated coil han not
unly a completely filled interior but alsoun exterioe
thoroughly sealed with u material which will not
absorb moisture vapor. Coils wound with textile-
werved wircare extremely difficult toseal wince the
toxtile serves aw u wick through which mointure
roadily enters.

The fact that the impregnating material in dis-
perned throughout the winding, aad is, therefore, in
the magnetic ficld, makes the electrical character-
intics of the material of paramount importance. To
avoid excessivoly high Jistributed capacity, the
material should have a dielectric conntunt aw low
s possible. To aveid introducing excessive lonsen
into the windings with a resvltant decreane in Q,
the power factor shuuld be us low as posrible. It
should be noted that many impregnation materinls
have satisfactory power factors at roomtemperature,
but these same materials at elevated temperatures
muy have 50 groat @ power factor us 1o make the
materials entirely unsatisfuctory for use at radio
frequencis Designers who expect their product
1o work at temperatures in excess of 60 C will do
well to give this point serious consideration. lus-
trations of the extent to which Q may be lowered by
temperature may be found in Fig. 7-1.

Lasically, the materials for impregnation may
be sub-divided Into three main classes: waxes,
varnishes, and lacquers. A possible fourth class

could be made up of the newer 100 per cent wolids
resins which are gaining increased popularity for
reasona to be outlined fater.

WAX

Waxes enjoy the widest use for applications
where the higheat operating temperature will not
be in excenn of 65 to 85 C aml where extremely
low temperaturen will not be encountered. Since
wax is cxnentially a “*hot melt** type of material
with a relutively high cocfficient of expansion, it
follows that ut high temperaturen thore will be a
tendency for wax to run somewhat or even to drip,
while at extremely low temperaturew wheinkuge may
cause cracking to a degree which often makes the
treutment of litile or no value.

A wide varicty of wuxes s availablo. One of
the larger manufacturers' producen 110 types of
waxes, most of which have been denigned to meet
specific requirements. In general, wavew have a
wide range of temperature through which they will
operate satinfactorily, although working at a tempe
erature too near the “set point’ may rewult in poor
adherence and unsatisfactory moisture peotection.
Application of waxcs is usually casy and frequently
determines the type of wax to ba used in u par
ticular cane. For the most part wunen have low
dielectric conatants, low power factoes, and ex-
cellent moisture resistance. With the variety of
waxes which are readily obtainable, it in u compara-
tively simple matter for a designer to welect a wax
which will affoed the desired pratection and at the
same time will ponsess those properticn adupting
it to economical manufacturing procesnes,

Two gencral methods of applying wax to coil
windings are in common use. The firnt conniste
merely of impeegnation in the menne that the npaces
or voids within the windinga are filled by the wax,
but no accumulation of wax appears on the surface
YZophar Mills, Ine., 115 26th Street, Drookiyn 32, New York.

71
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of the windings, Thin method is accomplinhed Ly
digping the windings in wax, tt: tamncraiue of
which ie sufficlontly high to permit the coiln to
aboorb heat aa that the wur face will drain complote-
ly after removal from the wax pot.
A wecond method of uwing wax is to place n
heavy luyer aver the surface of the coils
where it serves nm a Larrier against the antrance
of moistie. Such u conting in usually applicd over
Fig. 7-1 :

windinge that have been previously impregnated.
The procen of applying this conting in commonly
called flashing und conaists of dipping the coils
into-wax which in heated only mlightly above ite
melting point. Thin dipping operotion, while aa-
zentially aimple, requiren » certuin umount of wkill
on the part of the operator since n slight twisting
motion. must be imparted to the coila huth during
and  immediately ufter immerwion to prevent the

EFF T ON Q' OF CHANGE IN
TEMPERATURE OF TREATED COILS®

Material

Tent Freq. 430 ke

Test Freq. 40 M

T-1
T4

9.2
92,9
92.7
92.6
92.4
9.8
9.7
9.6
9.5
9.0
90.9
2.4
90.2
%.0
8a.8
88.0
87.0

84.0

A3

‘All figures repreasnt the per cent of the
aftor the coils had been stable for 5 minutea,

*Coil Datas
Foem < Material, CF-3
OD, 1/21nch
Fire -Ineulation,
Size, No, 39
Gears - 103/63
Cam = 1/16 inch
Inductance - 1,275 mh ¢ 3 per cont

96.0
95.5

LX)
96.0
91.6
93.6
947
94.1
93.9
9.2
89.5
92.7

Q & room temperature which wan presont at approximately 80 C

e e e b 4t P

WAXES, VARNISHES, CEMENTS, AND LACQUERS

formation of air cella heneath the wax coating aw
well un to insure even distribution of the wux an it
netn,

Properly conducted, the (lushing procean han
an itn end peoduct a coil completely enclosed in a
continwous wax couting whivh provides substantinlly
Improved moisture renintance when compared to
similar coils which have heen impregnated but not
Nashed. )

Unfoctunately, even the best impregantionn
wning wax do not rexult in completely filled wind-
ingne A careful wtwly of large wax-impregnated
windings will show that the center postions contain
w number of voids. Thene openings are brought
whout largely by the Ligh xhrinkuge rate of the wax
am it cools. The outnide nurfuce of the coil cooln
firat, and shrinkage therefore begins at that point.
An cooling progresncn toward the interior of the
coil, the wax continues to shrink, and the renult in
n movement of the impregnant toward the autside
of the winding with remultunt voids in the center,
Thin action is aggravated by a tendency of the
coil to'*blecd” anii in withdrawn from the solution,
‘I'hin bleeding is the rewult of run-off from the little
apacen dividing the heated wires. As a reault, it
in difficult, if not impossible, to fill completely
the wpaces within a coil using wex as au iwpregs
nant, and the condition becomes progreanively
wurae us the sizo of the coil becomes larger.

IMPREGNATICN METHODS

At least threo methuds of impregnation nre
widely used in the electronics iudustry toduy. The
simplest of thess connints merely of dipping the
windings in the impregnant. For best resulin, this
jvocedure  should be prefuced by a buking cycle
under conditions inmuring the removal of all mointwe
from the winding. One-lall to one hour in n venti-
lated, circulating type oven, at 225 to 250 F, in a
very satisfactory cycle to accomplish this end. To
avold picking up mointwe as well as to amauo
maximum penetration of the wax into the windings,
tha coils should go dircctly from the oven into the
wax  without being permitted to cool. To secure
complete entrance of the wax into the windingn, &
coil must remain in the wax for a period of time
snfficient to heat the copper to the samo temp-
eruture as the wax, Watching the surface of the wax
in a means of determining exactly when the pene-
tration has ceascd, since the entrance of an im-
pregrant into a winding is always accompanied
by displacement of air, showing up us bubbles

S
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rining to the aurface of the tank. A common nethod
of specifying the time for which coils munt be ime
pregnated in *‘Immerne in wax for a period of _
minutes or until bubbling ceanes — whichever in the
longer. For the average universal winding of 2
mh or lesn, five minntes will be abowt right, and
the time for lurger windings can be determined hy
the careful watching of a few coils aw they are im-
pregnated one at o time in a clean pot. Adberence
to the above procedure will inaure aw complete im=
peegni on un in ponsible Ly thin simple methol,

The busic tault 1o which this system of
pregnation in mubject is the possibility that
entrapped wir within the windings will not be dis-
pluced by wav. Suitable agitation of the coils,
especially at the time they are immersed in the

, tends to minimize this danger an does ulve
the fact thut the coils are hot when they enter the
wax and therefore uny air that is entrapped will be
relatively free fram moisture and in an evpanded
state,

A sccond method of impregnation in that known
an the capillary nystem. The difference between
the capillary wystem and normal dippiog lics in
the fact that coiln treuted under the capillury
system are never completely immeraed in the im-
preguat but alwayw havs spproximately 1/16 inch
of the winding temaining above the wurlace of the
liquid. The very fact that a small portion of the
coil must extend whove the surfuce of the liquid
mukes this a much more difficult and expensive
operation to perfuem, but it dues provide more com-
plete impeegnation because air can move upward
throvgh the winding with far less resistance than
is encountered when it must come out through the
inipregnant. Furthermore, in this procews the en-
srance of the impregnant into the winding results
not only from normal liquid flow but ulxo from the
force of capillarity met up by the movement of the
impregnant into the voids cf the winding. So ef-
fective is thin sywtem of impregnation that coils
thus treated ure wcarcely distinguinhalle from
those treated by the third — und generally uccept-
ed to be superivr = method of vacuum impregnation

Vacuum impregnation requires the use of two
vacuum tanka with interconnecting piping mo ar-
runged that coils placed in one tunk may be e-
vacusted und, while free of air, be flooded with
the impregnation material which cnters from the
second tank. Depending upon the need, at this
point eir premwure above atmospheric may be inten-
duced to drive mora completely the impregnant into
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the interior of the winding. Following this im-
pregnation, the commun practice is to send the im-
pregnant back to the storage tunk and then to draw
another **dry" vacuum un the coils for the purpone
of removing from the wurface the excesn muterinl
left from the initinl Impregnation.

Dipping, capillary, and vacuum impregnation
procedures may bo employed not only with waxen
but with any of the common impregnation materinls
in use today. The wetuul equipment, however, munt
be suited 1o the purticolur impregnant to be unnd.
For example, wux requiren heated tanks, wherens
varnish does mot. In the welection of clectrically
heated tanks, particulur attention should he paid
1o the type und lucation of the heating units which
ahould be so denigned as to provide uniform heut-
ing over the entire mufuce of the tank, nince con-
centzation of heat and the resultuat “hot wpots
will reault in curbonization of the wax, Safest in
this regard ure those tanks in which the heat is
wupplied not by elecirivity, but by steum juckets.
However, electrically heated tanks properly pro-
tected by thermontatic cuntrols ard having the heat-
ing elements located upart from the tank walls
(thereby actually using air as the heat trunsfer
medium) are perfectly untisfuctory.

It is important 1o koep wax cleun of ull im-
puritien, especiully carhon and metallic patticles
or other conductive muterials. Wax pots whould be
cleaned wt regulur Intervals, with their contents
cither dincardod we reprocessed to inswe clean-
liness. A good cheek of the condition of a wax
pot is to dip u plece of clean white blotting puper
into the wax, withdeaw it slowly, and then soe what
it looks like when coal. Should the Llotting paper
differ appreciably In color from picces of the fresh
wax, contain black npecks, or otherwise give in-
dication of contamination, the wax should be dia-
carded at once.

V:RNISH

A common and generally sutisfactory coil treat-
ment-particulurly for applications involving higher
operating temperatures — involves the use of

i Varnishes conaist for the moal part of

tended mixturen of resins and drying oils
dinsolved in a solve.. and are obtainable intwo
basic types — the oleoresinous varaishow, aimilar
to those used in coating enameled magnot wire,
and the newer and more common synthetic varnishes.

Oleocesinous varniuhes were the first to be

adopted by the electronics industry hut hecuuse of
the obvioun wlvantages of the nynthotic types are
of secondury lmpoctunce toduy.

The teninn in this type of material nre usually
natural resiun or gums and may inclule resin and
Congo copal ameng others. The fact that these
resina aro nutwral products which exule from trees
makes them difficult to control from butch to batch
and accounts, at least in part, for the change to
synthetic renina,

Drying oile, s used in . =nishen, (See Fig.
7-2) ure derived peimarily from nuta vnd woeds and
occasionally from unimal fat. ‘All of these ma-
terinln have the peoperty of tuking oxygen from the
air whereupon they convert to a molil {ilm as a re-
sult of oxidatlun and, to a ceitain extent, of poly-
merization, |'tobubly the two most common drying
oils are the fumiliar linseed oil, which was the
first to be used in varnish making, anl tung oil,
which s extracted from the nut of the Chinese
tung treo. Linancd oil is very slow drying and pro-
ducen films which are flexible, while tung oil dries
more zapidly into films which are noted for tough-
ness and moisture resistance. A further udvantage
of tung ofl liew in its wncommon whility to dry
quickly and completely, even in relatively thick
films. Combinations of thewe and other oils are
often used In the manufacture of varnishes for
electrical applications.

It is a0t to find the exp I
shert oil o long oil used in connoction with var-
nishes. Thews terms mean simply the umount of
drying ofl compared to the resin and are given in
gallons per hundred poands of rosin. A short oil
varnish would uwe something in tho urder of ten
gallons of oil 10 a hundred pounds of resin, while
a long oil varnish might carry am much ns seventy
to eighty gulluns to an equal amount of resin,

Oleorenlnous varnishes are cwod cwseatially
by the anarxation of oxygen although it appears
probable that & certain amount of actual poly-
merization takes place during the bake. Curing
varnishes of this type presents womething of a
problem winco particular care muat be taken to
peevent the awface of the varnish coating from
“aetting up'* belore the solvent has Loen removed
from the Interior, The seriousness of this surface
sealing will be apparent if one considers that there
is but little posaibility of the solvent's escaping
once the mwlnce has cured. Continued heating can
then, at bost, succeed only in driving out the re~
maining wolvent through openings in the surface
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Fig. 72 Composi inh

{ilm, formed as a reault of the vapor presaure of
the eatrapped solvant which, of course, leaves the
windings with surfaces roughened by crater-like
upenings, the prosence of even one of which will
effoctively dastroy the muisture acaling properties
of the treatment.

The wmoat peactical way of getting rid of sol-

s lacq painta, and enamels,

be individually determined for each coil. Aaill-
ustration of a typical trestment specification de-
veloped for a specific coil is included in this dise
cusaion as Fig. 73,

SOLVENTS

Because commercial solvents of the type used

venta without damage to the p coating
wually iovolves a tworstage cure following &
period in which tie culls are permitted to drain and
air dry. The actual buking (curing) cyche should
huve the first bake ut ahout 180 F and the second
and final cycle at sonwwhere in the arder of 250 ¥,
The exact duration of the treatment cycle is a
function of the particular winding and the elects
ed treatment material and, fur beut results, should
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in ishes may be broadly grouped Into three
geoeral classes, and becauss thewe three classes
vary subotantially in their solvent powers, it scems
advisable at this point to discuss briefly these
groupings beginning with the aliphatic hydrocarbons
which include much liquids as hojtane, VM&P
(varnish makers’ and paioters’ naptha) and mineral
apirits. These materials have the lowest solvent
power of all commercial solvents and therefore can
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Fig. 73

To ba uned on

SAMPLE COIL TREATMENT SPECIFICATION

THE ALPHA COIl. COMPANY
Treatment Specificntions
No, V47

Philhouse 7X-15357

Materinls und equipment required.

206319
75-0168
86.19%07

Coil Rackn
Baking Varaiah
Thinner

Vacuum impregnation equipment
10K Circulating oven
mor Circulating oven

Minimum length of treatment cyele:

6% hours plus handling tima
PROCEDURE:

1.
2.
kN
4.
9.
10,
n
12,
13.
14,
18,

Rack coila on 205319 racks, dressing leadn into clips.

Bake racked coils 1 hour at 220-230F.

Place coils in vacuam tanks.

Draw dry vacuum (minimum of 29 inches) and hold for 20 minutes.
Without releasing vacuum, flcod coils with 759168 varnish from storaga tank.
Maintain vacuum (minimum of 29 inches) for 30 minutes.

Release vacuum and admit atmosphere.

Allow to stand for 15 minutes.

Return varnish to storage tank.

Draw dry vacuum (minimum of 29 inchen) and hold for 15 minutes.
Release vacuum,

Remove coila from tank nnd allow to air dey for ' hovr.

Bake at 170-180F for | hour,

Dake at 245-2551" for 2% hours.

Remove from racks and place in tote boxes.

NUTES:

1
2
3,
4.

Solids content of varninh must be checked bofore atart of each work period,

Solida content of varnish must be held betwaan 4% and 50 per cent. llae 861907 thinner am required.
Racks must be cleaned following every fifth eycle,

Refer all questions to V.T. Lambda, Treatment Engineer.

Specificationa written by
G.P. Beta

Approved:
1.Q. Sigma

Fffective date June 17, 1954

WAXES, VARNISHES, CEMENTS, AND LACQUERS

be expected to have the leant effect upen tapes,
wito Innulations, cementw, wnd nimilar products
with which they may come in contuct. Fortunately
moxt electrical-grade varnishen use one or more of
the ul-ova-named solvents.,

The geoup next to he conldered is made up of
the arumatic hydrocarbons much un toluel, benzol,
xylol, Conniderably highne in wolvent power and
found in o number of curvently nvailuble varnishes,
thene muterinls should be wwed with caution in any
clectronic application. Wire insulations such aw
snamal and Formex and pressuresensitive tapes,
evon of the thermo-setting varicly, are somewhat
subject 1o attack by olventw of this group, and
immernion in any maicrinl containing aromatic
hydrocarbons should be held to an absolute min-
imum, Foe those instances whera no other materinl
han the desired properties, it in advisable to follow
the procedure outlined elsewhere in this manual
and to provide the component with a preliminary
conting of a material utilizing_an aliphatic hydro-
curbon molvent, thus peeventivg the more active
agentn from contacting the vulnerable portions of
the unit.

Moat poweérful of all solvents, and as a con-
acquonce rarely used in varnish making, are the
entern, letones, and chlorinated hydrocarbons,
This group of solventa ir not recomineaded for any
eloctronic application where there is even a ree
mota  ponsibility of the materiuls coming in con-
tnct with wire.insulations, tapes, oe other similar
organle wubstances. Fthyl ucetate, amyl acetate,
methyl ethyl ketone, mothyl imo-butyl keiviz,
acetone, and carbon tetruchloride are among the
solvents belonging to this group,

Synthetic varnishes sre clonely reloted to the
thermometting  plastics which are so common in
the industry and most often are of the pheno-
formaldehyde or melamine type (See Fig. 7). Aa
rocelvad, these materinls contnin the resin to-
gother with its drying oils in & wolvent and vsually
have an actual solids content of nomewhere between
50 snd 60 per cent. The curing process consista
fisst of ridding the varninh of the solvent, and
vecondly, of the actual conversion or polymerization
of the resin. Varniahes of this group are less suse
ceptible to surface scaling than are those of the
olooreninous type and alro tend to cure more
completely, thus providing more uniform electrical
charactoristics. Use of synthetic varnishes under
proper conditions results in a hard, smooth, and
highly water—esistant filn, surrounding a re
ably well-filled coil. Since these materia

tanwi o g
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bert only 60 per cont wohd matter, it is apparent
that  complete impregnation of the winding cannot
be nccomplished in one attempt, Actually it would
tequire an infinite number of immersions to (ill
every void, but practice has shown thut twe or
Wiree impregnations, cuch followed by dipping in
the varnish and then buking until cured, ure natine
favtory for all excepi the most severe caies,

A common compluint in the use of varnish trents
menta in the irregular nurface made wp of cratare
like depressions, having sharp cdges, which appear
wll too frequently on varnished coils. Thin cone
dition cun invariubly be traced to improper curing
= usally insuificient drying time before bring
placed in the oven = o moie taely, to too high an
initial temperature in the buking oven, As haw been
wentioned  previously, from 30 to 60 pee cent of n
varnish is solveat which must be evaporated Lefuee
the renin can be converted, If freshly impregnated
windings are placed in an oven at elevated tempe
erntwren, the tendency. in for the varnish immedie
ately to akim over, making a lilm which retardn the
evoporation of the solvent. While generully held
to ho nct so serioun in the case of synthetic vare
niwhes as with oleotcminous materials, this witue
atlon still is undesirublo and is almont certain to
renult in the formution of bubbles or bliaters, lenve
ing & rough surface which affords poor moisture
protection; and, in the came of high voltuge come
ponents, the condition muy provide pointa from
which corona can readily originate. A minimum of
one-hall Bour aie-drying hetween impregnation aud
buking is ial to prevent
of nurfuce.

Another point nut to be over-looked is the ime
portance of using ventiluted, c.rr:ulnnn5 ovonn in
which a sufficient amount of fresh air is alwa:
Jrement loinsure againel excessive vapor presmur
which will retard solvent evaporstion.

Ovens used for buking varnished coils munt be
kept clean and must be so constructed as to keep
the possibility of explosion to a minimum. Noor
latches which will release under internal preswure,
n limit awitch to provent overheating in the ovent
ol & thermostat failure, low surface temperature
heaters, and a direct vent to the outaide, are items
of extreme importance ~ all of which are availas
ble in the products of reputable oven manufacturers.
HIGH TEMPERATURE PROTECTIVE
TREATMENTS

kh

The need for colla so trested as to permit apar-
atlon at temperatures up to 125 C has brought many
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Fig. 7-4 Basic composition of common varnishes

now probloms. This temperature is well within the
safe-operating range of silicone varaishes, but
their use presents many difficulties, inasmuch as
they are made with xylol or toluol an a solvent ard
therefore tend to attack both enamsl and Formex
wires, In addition, their complete cure cannot be
offocted at less than 200 C ~ o temperature too
high for the average wire insulatica.

Since many of the currently available aynthetic
varnishes can Ye uued safely at temperatures up
t0 125 C, u satiufactory treatment procedure® whick
also has excellent moisture resiatance properties
)

Signel Crepe Contract No. Du-36-0)0-s¢-18321,
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conaista of a first cout of any good thermonetting
eymbetic varnish, profarably diluted approximately
50/50 with VMP naptha to permit thorougl. couting

the wire insulation. Over this light coat of
varnish, which ia applied mainly for the protection
It affords the wire insalation, is placed a coat of
silicone varnish, such as Dow Corning DC 996,
This silicone varninh should not be fully cured bat
whould remain in a slightly tacky conditinn® to ine
sute maximum moisture peotection. A baking cycle

WAXES, YARNISHES, CEMENTS, AND LACCUERS

of wpproximately eight hown at 150 € has been
found 10 provide sutisfuctory renintance to mointure,
The wdvantages of silicone varninh are made availa-
ble in this manner without the introduction of any
deloterions  effects upon whe lnwulations since
the conventional varnish conting offectively seals
off the windings, thereby preventing contact bes
tweon the xylol o toluol awl the wire insulation.

LACQUERS

Air-drying lacquers, nometinen called “spirit-
varninhes', are another type ul cuil treatment ma-
terialw. Lucquers are basically airlrying materials
and are uaually solutions uf thermo-plastic reaina
in ulcohol or other cupidly evajumating solvents,
Low power factors and low dislectric constanta
give materials of this wort gend electrical pro-
pertien,  but the ture puotedivn provided by
lucquera Ia usually inferior to that of wax or vars
nish, Foe non-critical opplivations they have the
advantuge of case of hunbing mince they may be
upplied by any conventional wethod and permitted
to dry from periods of 30 minwten 1o neveral hours,
depending upon the nature of the winding and the
degree of p ion uchleved, Unf ly, it
in difflcult todetermine when  lacquer film is coms
plotely molvent-free since temin® denonstrate thut
a 2 mil lilm may retain up to 2% per cent by weight
of solvent when apparently hand and dry and after
as much un 48 hours of alr-deying may still retuin
2 por cent of solvents.

A common use of lacquers in In the treatment of
solenold windings, where the material is appliod
either by brush, dipping, o1 by tulling ona saturated
felt pad, In those Instances whets neveral coats are
required, it in generally bettor tncunduct the drying
in an oven operating at a temprinture of between
140 I and 200 F, DBest ronulia may be expected
from w longer cycle camied ot at a lower tempe
eratwe, aince the procemn la mulely one of ridding
the mixture of solvents =~ a procons made more
difficult by the formution of any nurface ekin.

100 PER CENT SOLIDS RESIN IMPREGNANTS

Intorent in growing rupldly in the newer types
of 100 per cent solids reminn fur impregnation
purponen, Theae reaina ure generally of the cthe
oxylena or polyester type. Sincn thewe materials are
100 per cent molids, it is nuw pomaible to secure
4 degree of impregnation which han hitherto beon
imponnible, Complete filling of ull wpaces within

*Conductod in the Component

nd Metorials Branch of Signel
Corps Enginesring Ladorstories,

w winding is desicuble, hoth from the stambpuint
of mointure prevention and for protection from e oruna
in the case of high voltage applications. Eloe-
wrically, the polyenter ren’un exhibit mumewhat
wuperior qualitics, but fram the standpoint of moins
ture  protection the ethovylene resina with their
wuperior boading quulitlen provide better nealing,
Noth types of material have n serious drawbaek
in that they require catalyutn for their convernion
and have as a resalt o Hdted pot life, Depending
wpon the particular tomin wnd the choice of uceelars
ator, this pot life may be an whort as live minutew,
or it may extend to a matter of days. One prapeity
which makes these materialn ~ particularly the
polyesters — of partivulur interest is their high
heat distortion point, which means that many of
them cun be operaterd without dumage at temper.
wimen fur in excens of 125 (L

Reference to Fig, 721 will show the «ffect of
uning resing of theme typen ut various frequenvive
and temperaturen. Partivulur note should be paid
to the tendency of cthonyleno renins to bring uhou
lower Qs when operated at clevated temperatures
an well as to the fact that this tendency cun be
minimized by the wldition of small amonntn of
relutively inert oils much un Kel-F No. 3.*
CEMENTS

Cements are of conmiderable importance in the
manufucture of electronic componenta. Onr very
tportant use of mdhewive muterials in to anchor
the wtarting turns of a winding to the form; another
In 1o hold the fininh turn, thus terciinating the
windings.

Cemeats uned for theme purponen fall roughly
Into two categorien = thume which are *“hand®
when “set” and thoae which remain in u flesible
state, Doth types have their advantages, hut onn
whould not overlook the value of the flexille type
un a means of terminating windings that are made
wp of wmall wiren. Bhon such windings uee term
Inated with a hurd cement, ths result in w aharp
odge ngainst which the wire munt flex. Fxcennive
lewd Lreakage may be expected under thone (one
ditiona. The use of a flenible cement wuch un
Plinkond® which in rutlery in nature cconltn in o
flexible bond with nulficfent “‘give® to mininilse
to u large extent lead hroakuge at the point whore
the wire leaven the aurfuce of the coil.

In all canes whete treatment materiale o

"Mandactised by the MW Kellug Company, Jersey City, Now
Jor

‘Mandectised by Gosdyrw Tie & Rusber Company, Abren,
Ohie,
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CERAMIC FORM Y2"0.0. x Vo* 1.0.X2"LONG
WIRE: 30 VINYL ACETAL W-2

caM Y18 GEARS 103/88

INDUCTANCE 1.273 M £ 3%
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PRIOR TO TEST ALL WINDINOS GIVEN
20 ALTERNATE 18 MINUTE EXPOSURES
T0-12C AND +80C

ALL VALLUES REPREGENT AVERAGES
OF @ coiLs

Figure 75 Effect of Impregnation Naterial and Methods upon Temperotura eoofficient.
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cements are uwed on windings, care must be taken
that the particulur materials chonen are compati-
ble with the inwulation of the wire, In tig. 19, a
list of common wire insulations and the wolvents
which degrade them is given. Any varninh con-
taining  xylol or toluol — particularly in combi
nation with aleohol — is unsufe for uwe directly
over Formen wire. Ancther cane of incompatibility
would bo the ume of u cement containing avetone on
a  wire innalated with cellulonesacetate tacquer
film or celanenn textile serving. O even grenter
importance i the resistance offered 10 corosion
by all moctw of treatment materialn wnd cements.
Nearly all coile have wome d-c voltage ucross
them when In une, It takes only a minute quantity
of fonizuble material joining with the moisture and
impuriticn in the wir to start an electrolytic uction
which moon eroden away te tiny copperconductors.

New  materiale  under connideration should,
regardlens  of ‘their source, be curefully checked
for pownible corosive effects. In Section 8 of this
manual may bo found a more detailod dincunsion of
clectrolytic carronion, ita causes, nnl recommended
test proceduren,

SELECTION OF IMPREGNANTS

Seloction of the best impregnanta wnd of the
best method of impregnation is lurgely dependent
the requirements of the particuler coil in
is to be opezatedl under nevere
conditionw of humidity and high temperature, the
designor's choice is automatically directed to-
ward cither a dual varnish treatment o one of the
vew 100 por cent solida resinu. If, hawever, the
maximum operating temperatwe of the unit will
not excead h% €, and the requiremonts are not too
severe with respect to humidity, wax will be per-
fectly mativfactory and far lews cxpennive except
for thone ciuem where poor low temperature charace
teristica make it impractical. Since the choice of
treatment materinls has a definite effect upon the
temperature voefficient of tha cail, thin too must
be taken Into consideration. In Fig. 7.8 may be
scen the comparative effects of varjous treatment
materialn  upon the temperature mtability of coils
of identical types. A glance at thia table will
show that where maximum temperature mtability is
a requinite, the beat impregnation muterial is pros
bubly wax. Should the temperature requirement for
the coil be much that wax could rot be uscd, the
next bout material would appoar to be silastic
rubber,

Fig. 7-6 shows the effect of expoaure to atatie
humidity upon the Q of coilw Impreguated with varis
oun matecinla whic! some canew, are applied by
moco than one method. lere again, wox is indicated
an muperior, providing the operating P
ennge duen not exceed that recommended lor wax. If
a wider temperature range in requited, either a suits
able cement or a silicone rublier iv recommended.
Many other materials are compared and all have dee
sirahle characteristics for mpevilic upplications,

An important aspect of dewign work is  the
of those materinln and methods which

most economically produce w finihed unit

selection
will
capuble of u specified pecformance. The impoctance
of both the treatment muterial and ity method of
application cannot be dinrepncded nince many ase
pectn of ultimate coil performance are directly ree
lated 1o the treatment accorded the coil aubsequent
to winding. T assist in the neloction of both the
improguation material and itw method of application,
it is recommended that the data prenented in thia
acction be studied carefully and ® troatment which
appearn muitable, selected for the impregnation of
experimental coils, If, after teat, the aelected troate
ment fulfills the requircmenta a apecification pate
terned after that shown in Fig, 7=} can be issued.
Thin information is intended to provide the deaign
engineer with background muterial upun which to
call when a treatment must be wpecified. Properly
interpreted, it can be of delinite value in the de»
termination of the most autinlactury coil treatment,

‘l.-, “\_..m.._’;l,.._ : m
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Fig. 76 EFFECT UPON Q' OF EXPOSURE TO STATIC
HUMIDITY? OF CO!LS' MPREGNATED WITH VARIOUS MATERIALS

Treatment Drying time following exposure

Material 1/2 bour 4 hours 24 hours

CATALOGS AND TECHNICAL INFORMAUION OF:

Tl 96.0

T4 (v) 55.5

'All figures roprowent the per cent of Q before exposure which was present at the indicated time. Test
pr P! P

frequency was approximately 430 ke.
39S per cent relutive humidity and 40 C for 200 hours.

*Coils made to the same specifications as those in Fig. 7-1

The Acme Wire Company
New Haven, Connecticut

Bakelite Company
30 F. 42nd Stroct
New York, New York

Biwax Corporation
345 Howard Street
Skokie, Ulinoin

Bond Adhesive Company
537 Johnson Avenue
Brooklyn, New York

Jobn C. Borthig Company, Inc.
P.0. Box 11§
Rutherford, New Jeraey

Ciba Company, Ine.
627 Greenwich Street
New York 14, New York

Communications Products Ccmpany, Inc.

Marlborough, New Jersey

John C. Dolph Company
Monmouth Junction, New Jersey

Dow Corning Corporation
Midland, Michigen

E- eraon & Cuming
869 Washington Street
Canton, Masaachusetts

General Electric Company
Chemica! Division
Pittsfield, Massachuseits
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Houghton Laboratory
Olean, New Yurk

Insulation Manufacturing Corporation
565 Reat Wanhington Boulevard
Chicogo, Minpin

The Insl-X Company, Inc.
Osnining, New York

Ievington Varnish & Insulator Company
Divinion of Winnesota Mining &
Manufucturing Corporation

Irvington 11, New Jersey

Linde Air Praducts Company
iision of Unfon i

Chemical Corpa

3C Fant 42nd Street

New York, New York

The Marblette Corporation
57-27 30th Steeet
Long Island City 1, New York

Minnesots Mining and Manufacturing Conpany

St. Paul, Minnenota

Mitchell-ltand Insulation Company, Inc.
51 Murray Street
New York 7, New York

Naugatuck Chemical
Divinion .f 1.5, Rubber Conpuny
Naugatuch, Connecticut

Sauereinen Coments Company
Pittwburg, 'eannyly nia

Zophar Milla, Inc.
215 26k Sueol

Brooklyn 32, New York
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SPECIFICATIONS

JAN-T-152

“Treatment, Molsture and Fungus Heniutant, of
Communicationu, Flectronic, and Asmocinted Flece
wrical Fquipment; Goneral Process for

ks
arninh, lnnulating (Electrical)*

JJJ-R-141(0)

“Wax: Caenauba'

MIL-V-173A

“Vurnish, Moiwture and Fungus feaistant, For the
Treatment of Communications, Elocteonic, and
Associuted Elactrical Equipment”

TT-V-130(1)

“Varnish; Spirit (Shellac Varaish Neplacainent)™”

, Varninh, Lacquer, and Related Materials;
Vethods of Inapection, Sampling, wnd Teating”

TT-T-2664(1) "
“Thinner; Dope and Lacquer (Cellulone-Nitrate)'

TT-T-306(2)
“Thinner; Synthotic-Enamel’*

TT-0-364(2) -
“0il; Linneed, Boiled (for Une in Orpanic Contings)'

TT-0-367
“0il: Linneed, Heat-Polymerized (Bndied), For
Paint, Varnish, and Enamel”

TT-0-36%2) !
*0il; Linseed, Raw (For Uae in Organic Coatings)”

TT-0471a(1)
0l; Linneed; Replacemont (For Une in Organic
Coatingn)"’

TT-P-381(2)
“Pigmenta-1n-0il; Paiat Color"

TT-0-388(1)

“0il, Soybean, Refined (For Usa in Organic Coat-
ing)"”

TT-0-395(1)

“0il; Tung (China-Food, Raw) (For Use in Oc-
ganic Contings)”

TT-E-c8%1)
“Fnamel, Gloss, Synthetic (For Fxterior and lo-
tetior Surfuces)

ACKNOYLEDGEMENT

Fov suggoatlon, criticisma, and goneral assiatance with the manuscript of this section, we are partice-

larly indebted to the following individualat

Me. C.L. Chelstiansen, Manager lectrical Sales
Dow Corning Corporation
600 Fifth Avenue
New York 20, New York

Me, Eric J. Linden, Chamical Engineer
Signal Corps Engineering Labotatories
Fort Monmouth, New Jersey

Me. A.J. Ruifalovich, Materiala Section
C & M Branch
Signal Coups Engineering Laborutories
Fort Monmouth, New Jersey

TAPES AND FILM INSULATIONS

Section 8

TAPES AND FILM INSULATIONS

USES IN ELECTRONICS

In the electonica industry, tnpen ure used
primasily un n. Unlike tools in the ondinary
nense, o be completely acceptable for une on coils
and trannfornieen, tupes must not only do the job to
which they are annigned but must do it without add-
ing new problems wuch un electralytic corrouion or
fuilure during impregnation.

Of the two banic functions performed by tapes—
holding and protection=the first named uecounts by
far for the greatent number of applicationn of tape
ta coils und tunuliwmers. For example, tapen ure
commonly uned to hold the wire on the coil form at
the start of u winding. For this purposa, small
pieces of tape we wimply pressed over the start
lead, thus holding it against the coil form until the
winding begins to huild up.

Similarly, narrow pieces of tape are lrequently
used to hold dawn the finish lead of a winding, par-
ticularly until the cement has had time to net. At
this point the tape muy or may not be removed, de-
pending upon the type of tape employrd und the
treatment which in to be accorded the winding. For
those applicationa where it is probable that the fin-
ish lead may be wubjected to some wirain, it has
beenfound that a nurrow strip of tape completely en-
circling the winding as shown in Fig. 81 often peo-
vides the support recansary to prevent the lewl from
breaking looss.

Some of tha more common uses of tape are actu-
ally a combination of the twobasic functions in that
they provide protection while simultancounly xerv-
ing to hold ohjectn which would otherwine be with-
out aupport. An example of this type of upplication
in to be found in thone transformers where extreme-
ly high coupling Ia required between two windings
and s obtained by placing the second winding dir-
ectly on top of the first. In such canes, it In cus-
tomary t> place w layer or two of tape wround the
first winding = an operation which accomplishes

the dual objective of
(1) affording protection to the first coil during all
subnequent handling and winding operations
and
(2) peoviding a more level wurface upon which 10
wind the second coil,

Fig. 81, Uses of tape in a typical high-voltage
coil.

It in frequently necessary 1o fnuert a tap within
a winding and to provide that tap with both mech-
anical and electrical protection. Foe much applica-
tions tape in an ideal tool since it merves to hold
the wiren in place, while, ut the same time, it pro-
vides inmulation from adjacent wirew und protect-
ion againat damage from the winding Lutton. In
this an in all applications where the tape remains
as o part of the finished coil it in epecially im=
portant to uwe tape which is of the highest elece
trical  quality and of a compumition compatible
with aulinequent impregnation materinls and proc-
essea,

Protection against the introduction of electro-
Iytic ion is frequently ted to electrical
grade tapea. In windings for intermediate frequency

: 81
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trannfurmeis, for example, it in nometinen necessary
to une call fornm of materiule that are nubject to
corronion when exposed to humidity und d-c voltage.

Fig. 8 Example of two windings separared
only by electrical-grude tupe.

For yearn it hun been an accepted practice in such
instancen to wind one coil ~ peeferably the one
which in to operate at the higheut potential -~ on
top of a lnyer or two of acetute tape wound around
the coil form. (See Fig. 83). In thin mannerthe
winding In Innuluted from the coil furm by o mater-
iul not mubjret 1o breakdown in the peewence of hu-
midity and voltage, und thus the anneubly is pro-
vided with wome degree of inaurance ugninat damage
from corrwlon caused by electrolywia,

Fig. 83, Tupeusedto insulate winding from coil
form.

A practicn which is not particulurly common at
the higher frequencies but which hua hoen dsed in
power applicutions for many yours calla for entire
windingw 10 he wrapped in tape peloe 1o impregna-
tion or encapaulution. In this ninnner almost com-
plete protection against loose turne wnd'or mechan-
ical damage 1u the windings Is awnwrad, A further
advantuge to be found in thin procedure lies in the

8-2

fact that the turns of tape provide an excellent base
for tesutment materials, thun lusuring maximum pro-
protection to the enclosed winding,

Whiln on the subject of applications for tapen

of elrctrical quality within the field of electronic,

one cannot overlook the very Important cases in
which tape serves to insulate from their shield cans
nuch blics as and r-f f This
wort of wppircation is becoming increuningly impor-
tant un more and more mininture und sub-miniature
unitn ure developed where in it In frequently necen-
aary to Inwure against a high potential lead shorting
to the whield can under conditionn of shock or vie
bration. The degree of diclectric strength obtainable
in w thin film makes tape ideal for applications of
thin kind with the presence of the pressure-sensitive
ndhenive wdding value hy inmuring ogainst movement
of the junulating film once it hua been placed in
position,

The uhove mentioned ancw of tape by no means
complete the list of cunes whero tapes have been
!in clectronic comy . The examy
listed wre believed to be reprenontutive end are in-
tendad 1o indicate something of the extent to which
tapoa have become a tool of the industry.

INDUSTRIAL AND ELECTRICAL GRADES

C iall ilabl

tapen can be classified
in varloun ways, the most impietant of which is un-
doubtedly that which seta forth the distinction be-
twean industrial and electrical grade tapes. The
outwnrd uppearence of the twa gra les ia identical,
but the choice of izduatrinl grade tape for use with-
in a coll could be disastrous. The basic difference
betweanthe two lies in the control that is exercised
during the manufacturing procenses and in the raw
materiale that are used. Electrical-grade tapas are
carefully made under controlled conditions from
lected materials krown to be ns free from ionfzable
matorlal as is posaible. In other words, the chief
concern of the manufacturcr of electrical-grade tapes
in to turn out a product which will not induce corro
slon under any condition of humidity and voltage.
At this poiat it should be cloarly understood
that it in entirely possible to purchase industrial-
wrade tape which will pass every corosionteet that
may bo given it, but under no clrcumstances should
this fact be taken as evidence that this grade of
muterial can be used with confidence in electronic
applications. It is entirely posnible that conditions
during the manufacture of this purticular lot of tape
were wuch that 2o ionizable material wan introduced,
thus making the final product the exact equivalent

of electrical-yrade tape. There in no ansurance
whatsoever thut the next lot will come even close
to hzving the mume quality; hence the unn of this
type of tape in unfulr both to the munufucturer of
the tape und 1o the purchaser of the electronic
componenta in which it in used.

ADHESIVES

A secom! meunn of grouping tapen might be in
accordance with the type of adhesive uned. Fxcept
in very rare lontunces, tapes used in electronic
applications ure ol the pressure-sentitive type, as
distinguished from the common varicticn of gummed
tapes whone nidheniven must be moftene twith water
before application. Gummed tapes are vntirely un-
satisfactory for elncirical applications becanse of
their tendency to corrosion, particularly inthe case
of small wirew oprrating inthe presence of humidity
and d-c voltage,

Pressure-nennitive tapes require no wetting or
other treatment prior 1o application and need only
to be placed in contnet with the aurfuce to which
they are tc adhere. Many different formulations for
this general typr of adhenive are now in use with
nearly all having an the base, pure, viegin rubber.
For muny yearn thrre was only one type of ndhesive
used onthe available pressure-sennitive tapes, and
it was univernally recognized that wuch tapen were
subject to one aerioun fault — a tendency to loosen
in the premence of wolvents or heat. An u result of
the recognized need for an adhenive which would
not fail under thewe conditions, tupe manufacturers
set up a reacarth program which cemulead in the
development of w new adhesive, still prensure-sen-
sitive and ponnemned of ull the good points of the
peevious formulutions, but having & new property ~
that of being thermonetting.

It was originally felt that if a prenaure.wensic
tive adhenive that would be low in solvent re-
tention could be developed, much an adhesive
would present luonening or wnnticking in the pre-
aence of varnishru and other treatment materials,
Thermonetting wliewives have thin prapeety and,
in addition, «ure = polymerize — under heat ta
form abond which in but slightly affected by normal
solvent action and which will remain nolid up to
about 200 €C,

Thermonetting adhesives must be cured before
attaining their manimum solvent and heat remi=tance.
Curing in accomplished by heating the tupes at
120 C for two hours, ar 150 C for one hour, after
which they may mufely be uned ut temperatures up

TAPES AND FILM INSULATIONS

10 150 (. Praperly cured, thene lilma will remain
firvo indelinitely and will exhibit a high degree of
solvent renintance.

BACKING MATERIALS

The baeking materials uned on electrical-grade
tapes Tall roughly into four clannen. paper. cloth,
plantion, and glans, Selection of the proper type of
backing materinl should be buned wpun the specific
requizements of the applicution with due regard for
the conditionn under which the end product will
operute,

Puper-huched tapen are characterized by moder-
ate tenwile wtrength, low innulution renintance, low
dielectric atrength, but only moderately good resist-
ance o coronion. In high frequency transformers,
the principal une of this group of tapen in to hold
wiren againat the form at the mtart of o winding or
to hold u ounber of leads together prios to final as-
sembly, For thowe cases where the tape in nppiied
merely wn @ temporary halding device to be removed
before the unt s completed, puper-backed tapes
are perlestly autinfactory since it iv the puper and
not the adlrnive that becomen the wource of cor-
rosion under conditions of humidity and voltage. If,
thereloee, the paper in removed, it in unimportant
if a bit of the ndhesive remainm mince it is impos-
sible for achdn of other ionizable materinl to devel.
op from the non-cellulosic adhenive.

Cloth-backed tapes must be divided into two
groupn -« thoas using cotton cloth und those made
from acetate cloth. The firat group, becuuse of the
prencnce of cellulose in the cotton, in poor with
reapect 1o Corromion. The acetute cloth tapes, on
the othet hand, show excellent reaintance to cor-
rosing ~ a Characteristic which, in view of their
relatively high tensile strength, good stretch and
adhenion, very highinsulation renintance. and good
dielectric wirenpth, maken them n wine choice for
el-ctionic applications. Cotton-bucked tapen.~like
paper-bached tapes, should be uned with caution.
if at all, an & permanent purt of r-f components. The
chief usrn af cloth-backed tapea are as insulation
within windingw, ns @ meann of terminating windings
where yod tennile strength in a requisite. and us a
cover loe windings which must aerve as the base
for another winding.

Tapen wiin inorganic cloth hackings. such as
glann, wie used inhigh temperature applications and
also in thowe canes where exceptional streneth is
required. Uned in combination with wome of the
newer high temperature impregnation materials
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wlans tapen provide a meann of protecting unita
ngainat high operating temperaturen. Surprisingly
enough, glaas-cloth tapen are not purticularly good
with rempect to corronion and therefore should be
uned only when abuolutely necensary.

The type of backing materinl most commonly
specified in electronica upplications is one form or
other of plastic material. Tapes of this sort wre
avallable iu a wide variety of materials and thick-
newnen and are generally high in tensile strength,
telutively high in adhenion, and possenned of ex-
captionally high dielectric wtrength and inaulution
teaintance. No other type of backing waterial af-
fordn no high a degree of inmurance agaiust electro-
Iytic corrosion which, in itnelf, ia sulficient reanon
for the almost universal adoption of plastic tapes
In the manufacture of high frequency transformers
and coils and other components using the nmaller
alxes of magnet wire.

‘The plastic materiul most commnsly used in
the manufacture of tapes is cellulose acetute.
Pulyester films* as well as films of polyethylene,
Teflon, and the vinyls, are alno available for thoae
applications where special propertiesnot posscaned
by cellulose acetate aro required.
ELECTROLYTIC CORROSION

Flectrolytic corronion Ia a major problem in the
manulacture of radio frequency e In the

materials ueed in the manufacture of tapestode-
termine the effect upon them of the continued
plication of a d= voltage in the presenca of moi
ture. The checks were made upon materials which
were in the most highly purified forms obtainuble.
In a vast majority of the cases, it wan found that
exposure to humidity and a constant d-c voltage
resulted in the formation of organic ucida, even
though no indication of acidity had been present
prive to the tent, This finding led to the natural
conclusion that thewe acids had been formed from
the original organic material by electro-chemical
action. It was further noted that all cellulosic
waterials such ua paper,” cotton, cellophane, ete.,
were especially subject to this type of reaction,
while materinls like cellulose acetate npparently
had the cellulose molecule so thoroughly enclosed
chemically that no acids were formed by the electro-
Iytic action.

Years filled with continued experiments along
these lines conducted by tape manwacturers aad
their customera iz th: trical field have borne
out the truth of thewe findings. There now seems to
be little doubt that the presence of cellulose, no
matter how well it may be concealed in a physical
manner, in the presence of humidity and d-c voltage
will decompose into organic acids of a highly cor-
rosive nature. It in for this reasonthat paper-backed

early days of the industry when tapes were first
introduced as holding devices, it was noticed that
the surgical and gummed paper tapes which were
then the only types available induced corrosion to
a sorious degree, particularly in the case of small
coppor wires.

Tt was first believed that if steps were taken to
poduce a tape in which both the bucking and ad-
hemive were held 1o w pH of 7, it would be im-
posnible for the tape 1o cause corrosion, even in
the presence of high humidity and a d-c voltage.
This experiment was tried, but it was found that
chemically neutral tapes atill corroded amall copper
wires. The next step in the development was an
attempt to purify the tapes by leaching aut ith
dintilled water all extractuble maierial. Tapes
produced in this manner lennened the tendency to
corrosion but did not entirely eiiminate the trouble.

Since in studies of the corrosion problem it
had been noted thut the most serious corrosive
offects always developed in the presence of »
poten testa were noxt mude on the various

"Mylw mamdoctired by K.l du Pont de Nemows & Company
Wilming?en, Delewars

and backed tapes must be viewed in the same
light as wood-filled phenolica and paper coil forms-
as potential sources of corrosion to be avoided
in critical military applications.

It is important for a design enginces to under-
stand the basic principles involved in electrolytic
corrosion since failure to view thia problem from
all angles can easily lead to unwise decisions
advernely affecting quality of an end item. ln its
mimpleat concept, this type of corrosion may be

idered as » form of el lating. The require-
ments ere identical in that there must be a source
of d-c voltege, and there must be some form of
electrolyte between two points which are at opposite
potentials and whichmaybe considered as an anode
and a cathode. The general effect, s in platiag,
is a transfer of metallic particles from the anode
(positive pole) toward the cathode (negative pole).
Fig. 84 offers a quick review of the fundamentals
of electroplating; hence, of electrolytic corosion.
In this drawing, u jor filled with an electrolyte such
as copper nulphnte, is shown containing two elec-
trodes with the nnode represented us w bur and the
cathode as w rod. If the anode bar conuiats of pure

copper and the cathode in of any conductive mutes
vial, when u source of d-¢ potential is connected an
hown in the diugram, copper ions will be dislodyed
from the anode and will make their way through the
electrolyte to the cathode where they will be do-
posited. Thin iz the identical process which, on an
infinitely smaller scale,taken place whenever there
in electrolytic correnion within an electronic com
pnnrri. The anode in invariably of copper and may

Fig. 84, The basic principles of electroplating.

be a wire or a winding, usually conoected to N,
while the cathode may be another wire or winding,
u mounting bracket, ot uther conductive aubmtance
which s at negutive potential and in relativaly
clove proximity to the unode. Instead of an electro-
Iyte wuch as copper mulphute, a leakage path made
up of moisture and ionizable muterial connectn the
anode and cathode, thus nctting the stage for the
same soct of tranafer of copper ions that takea place
in electroplating.

Fig. 8:5.  Leakage path caused by poor quality
coil form.

Fig. 85 shown n typical i-f transformer primury
and necondary on u coil form whose quality in uch
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that aleakuge puthexistabetwernthe two windings.
Corronion can therefoce be expected along the lower
surface of the top winding where it in In contact
with the coil form. If, an in Fig. 8-3, a laver or two
of electrical-graile cellulose acetate tape ofn width
substantislly greater than the width of the winding
ia weapped about the coil form benenth the plate
coil, thereby inanlating it from the fuem, a nub-
stantial degree of protection againat corromion will
be introduced into the dewign. Another inntance of
electrolytic corronion s illustrated {0 Fig. 86
where u leakuge path in- formed, not between wind-
ings, but betweenthe plate coiland a mounting stud
which in, of courne, wt ground potentinl, An in the
other drawingn, the point at which corronion may be
be expected in indicuted by an arrow.

LEAKAGE
PATH
Fig. 8-6.

Leakage path between plute cuil and
mounting stud.

This type of corvonion usually in necompanied
by the presence of a green dincolorution t the
point where the action in centered. The evact nature
of this deponit virlew since it conniatn copper
salts formed un a remult of electrolytic action be-
tween the copper and the ionizable material with
which it in fn contact. In this connectinn, it should
be remembered that corrosion cannot tube place in
complete abnence of mointure. The remnon for this
is simply that ionization is necesnury befure electro-
Iytic action can begin, and ionization cannit occur
except in the preaence of moisture. Thia fuet points
out the necenmity for thorough impregnation of all
windings and annemblies, ot only to insure satia-
faciory performance of the coils under humid con-
ditions but alao an # means of retarding electrolvtic
corrosion, If it wete pozaible to aeal & tranaformer
. thoroughly uw to prevent the entrance Intoany of
its component parta uf cven the amallent amount of
water vapor, the cheapent materials, even ine luding
paper and cellophuna, could be used with complete

LS




e

A

Declassified in Pal

POOR

ved for Release

50-Yr 2014/03/27 : Cl.

RDP81-01043R003100230009-9

ORIGINAL

Part 1 MATERIALS OF CONSTRUCTION
safety. Unfortunately, such perlect sealing cannot
ba rewlily accomplished, even with the aid of an-
capaulation — hence the reed for careful selection
of materlala which are not aubject to ionization.

A point of importunce in thin dincussion in the
fact that the general problem of curronion increansn
um wita mize decreanen. Thin whould be obvious
since the proceas is ona of rronion, and the leaw
thare In of material to erode, the fanter the point of
failwo will be reached. It therefice follows that the
prewsnt trend toward mininturiration of components,
coupled with the expausion in environmental range,
in which these units must work, places heavy de-
mnnda upon those who must denlgn components in-
corperating u high degree of relinhility.
CORROSION TESTS

For the most part, it will be found that the
recommendutions  and specifications of reputable
tupe manufucturere can be accepted with anfety,
enpoclully if the tapes in question have been granted
JAN approval. In the courne of normal development
woek there may, however, come times when new or
untried combinations and ‘v arrangements of mate-
tinle make it advizable to conduct corrosion teats
before praceading with the wark,

The requi for detormining resi to
corrosion are relatively mimple mince they center
around w container so conatructad us to be able to
hold o apecified degree of. relative humidity und
temperatue. Succesaful tewts have been run using
a glans jar fitted with an lanulnted top and kept in
an oven equipped with temperature controls end
circulating fan. The container munt have two termi-
nalato merve as connectionsin a wource of constant
d-c voltage of a magnitude which is usually some-
where hotween 100 and 250 volte, Test conditions
will vary with circumatancen, but %6 1 percent
rolntive humidity and 120 11 I* are most often spec-
ified.

The exact method of connaction must be deter-
mined by the design of the component under teat. It
is customary to duplicate an nearly as possible the
conditions under which the unlt will operate, which
is to may that the positive lend ahould go to the
plate terminal wad all other parts of the unit in-
cluding it shield, mounting brackets, and the grid
coil ahould be tied together and connected to neg-
ative. Inthose cases where only a coil form with it
two  windings is under teat, one coil should ha
connected to negative and tha other to positive.

Ut will be upparent that a unit connected an
denceibed  above will not, under noemal circume

L

stances, draw any cuirent aince the only connects
fon between ponitive wmd negative is that renulting
from leahage, Il thore tn oo leakuge, no current
will flow, there will Tie n migration of copper funm,
and there will be no corronlon, Let, however, lons
teation take place and leakage begina wt once,
bringing with it the muvwment of copper uway from
the positive and makling hin teunafer evident by
prowth of the churacteriativ green deponit at the
point where electralytie netion atarts,

In aetting up utestof thin nort, absolute clonne
linena is a requirement that cannot be dinregardad,
I must be remembored (hat the entire procedure in
one aimed primarily ot the detection of foniznhle
matter. If, therefure, the wire, the insulution mute-
tial under test, or any part of the bolding devicen
or the container are handlad with bore hendn, It in
entirely ponaible that snough contamination will he
Introduced to renderthe whole tent worthlenn, Cloan
rubber gloves whould he uned at all timew, wnd &
conntant guard maintalned wgainet the introduction
of any foreign watter, It {n only in this maoner that
one can be certain of the tewults obtained from an
slectrolytic corroalon temt,

Corrasion tests may ot may not continue until
fallure occurs. Gienernlly apeaking, the average
durution of temt in 160 10 200 hours, with visible
evidence of corroalon - preneace of a green deponit
adjacent to the poitive wire — conaidered an evi-
dence of fnilure evan thuugh the circuit may not be
open. A system for evaluating the reaulta of tent
not ending in failure in deacribed in detail in Ape
pendix 1 of ASTM ullertin 1) 100048T. The Lanle
for thia evaluation In & comparinon ia the tenaile
strengthof the positive wire und oither the nagative
wire or a pieca of ldentical wire not subjected 1o
tent. The tennile mtrength of the positive wire di-
vided by the tenaile nirength of the negative wire
kives o term known as the corrosion factor, whickh
is used as a meann of quantitatively comparing
various materiale In thelr reuintance to corromion,

DIELECTRIC STRENGTH

Dielectric strength in a peoperty of alocirical
grade tapes which Is nfexireme importance in thowe
applications where tape mumt provide inmwrance
againat voltage bieakdown. Iy definition, dislectric
atrength ia the lowent voltage ut: which the Insula
tion will breuk down, und the common unit of mens
urement is volte per mil thicknean. Determination of
dielectric strength In wronlly made in uccordance
withthe requirements ol MI1-1-7798 and ASTM Spece
ilications D 1000411 and D) 149, Tents ohtalned by

o emmsmie g s YR

methods other thun those outlined in the above-
referenced npecifications re difficult to evaluate
since both the length of tims thut the test voltage
is applied and the shupe and size of the el ctroden
used in applying it have an effect uponthe ovtcome
of the test.

The munner in which the dielectric ntrength of
an organic insulating material may be related to time
is shown in the following tuble:?

1.1,000,000 second ..... 105,000 volts
110,000 92,000 volts
1100 78,000 volts
1 second . 5,000 volts
100 second . 51,000 volts
10.000 seconds(3.78 hoars) ... 37,000 volis

Thun it appears that the dielectric strength of
a typical organic insulating materiul decreases am
the time interval during which the voltage is applicd
increanes. Experimental work performed on insu-
lating matetinla indicates that dielectric strength
will continue to fall off as the time increases until
that voltage is reached where the insulation will
resist breakdown indefinitely.

Among electrical-grade tapes, the highest die-
lectric strengths will be found in those having plas-
tic i < i f,

second,
second .

lists a
choice of acetate or polyester hackings with die-
lectric valuea as high as 5500 volta. Khile it ia true
that high frequency coils seldom require protection
againat excessively high voltuges, it in reassuring
to know that the tapes best auited for use in such
componenta are more than adequute in this respect.

STORAGE AND HANDLING

Cu: nt

Forbentresults, pressure-sensitive tupea should
be hundled properly. One important point concerns
the storage of unu=ed tapes since this type of mute-
rial has a very definite atorage life. Care shouldbe
taken not to buy in quantities so large that tape
muat remain in stock for more than three to six
months. Storage areas should be kept below approx-
imately 85 F and should not be exposed to direct
sunlight. Rotation of atock is important because
through its continued practice the oldesi material
will be used firat. For the convenicnce of users,
most tape manufacturers date their containers.

Most electrical tapes are supplied in the form
of rolle wound on fibre or paper cores with diameters
of between 1 and 3 inches. The length of tape per
roll varies, but most commonly is either 36 or 72
*Based on infarmation provides by T.) Shotmicki of Minnasote
Mining and Manuactiwing Compeny, Saimt Paul. Minnescta.

*Minaescte Mining and Menulact wring Compeny
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yurdn, The most commonly available widtha fall bee
tween 1 4 inch and S inchen with the tape uaually
cut to an accuracy ofat leantl 32 inch.Some unera
prefer to buy their tape in wider widtha and do thelr
own alitting as a meann of reducing coat and inven-
tory

wpe dispensing han much to do with-the ef-
ficiency of tupe un u tool, Uned without wome aort
of wpecial diapensing equipment, presoure-nensls
tive tupe in often neither eany nor economical to
apply. Most tapes renint tearing to an extent which
intecferen wericunly with wmooth application unless
aome cutting devices in uned. Many different forme
of dinpeuncrn are available with probubly the mimpe
leat heing slotted bourds or drums on which tape in
wound and then cut into dewed lengthe by rasning
W hnife through the slote. After being cut, the in-
dividual pieces of tape can bo picked off, either by
tweezern or by the fingers,

Several types of tape dispenners, now commer
cintly available, will take one or more rolla of any
premmure-uensitive tape and by one simple lever
mation deliver accurately cut pieces of uniform
length. Use of this wort of equipment insurew that
the mame amount of tape will be usedecach time - a
meuns of forced economy un well as a point of ime
portance in certain electronic applications, wuch ua
thone where thicknenn of tape han o bearing on the
couplirg between two windings. A further point to
be conwidered an favoring the uve of diapenning
cquipment in the annembly time suved by having
pre-cut tape available ut the time and place that in
requieed with the tape in full ponneanion of its max-
imum adbenive power nx u rewult of having bee
hundled only as it wan removed from the dispennar.
SELECTION OF PROPER TAPE

An in the case with nearly every component
pant of o high frequency teannformer, the choice of
the et tape for a particuler application s depends
ent upen many fuctors, The dangers of elecurolytic
cormonion were pointed out earlier in this dincus:
nion and were intended to wiresa the importance of
npecifying only electrical-grade tapes. A good rule
to follow would scem to be 10 avuid the use of tapes
with paper, cellophane, or cotton buckings und to
connider only those hackings which offer wavimum
resistance to corrosion.

PPolyenter und acetate filma, acetate cloth, and
acetute film cloth wre unquentionably the bent all-
tound tapen for radio frequency components. fu the
came of units which must operate at ambient tem-
peraturen nubstantially in excean of 100 €, the use

L
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Fig. 8.7,

ALEE.

CHARACTERISTICS OF COMUON ELECTRICAL ~ GRADE TAPESe*®

1 Mc, at 23°C and 50% RLH.
Diclectric Conatant Disnipation Factor

Tape No.  Varainh R Tomp. Classifi

Pooe
Poor

?
Fxcellent
Good

BRR-Som~Nanw—

Fair

Good

Good
?

Good
?

38
39
45

56
PTF-1S

2.6 025
025
.02

*  Adhesive is Class B but backing may be deteriorated by certain chemicals ln amblent
A

at Class B Temp

¢ Without varniah imp Cluns A if impreg

4+ Information nupplied by Minneaota Mining & Manufacturing Company and the numbers

refer to their particular products.

of polyeater (Mylar) backings will be found -n(e
up to 125 to 135 €, while higher tomperature die
cate s need for tapen with & backing of Teflon film.

in the demign of radio frequency transformers, thelr
peinctpal use is to furnish insulation betweon wa
casembly and its shiald, Space requirements often
make it n y to provide Insulation for the full

In general, the use of tapes havingth 8
dhesiven iw r ded for use in 6l ic ap-
licati Their d i 1o solvent
action and their leanened tendency to loosen under
elevated temperutures are properties which ch_u-
acterize these tapes, thus giving them, in mostin-
stances, a distinct advantage over normal pressures
sensitive tapes,
FILM INSULATIONS
Of lenser intereet tothe average demigner of high
frequency transformera but nevertheloas of v-!uc in
certain applicutions wre film insulations having no
adheaive of uny kind. Films of thin nort are usually
around 0,001 to 0.003 inchas in thickness, although
they may be ovtained over a thicknens range ol'hom
0.00025 inch up to several thouscndihe of an inch,

length of a shield can, »omething :l:ul would nn«hha'
nticely practical to do with an adhesive tape, bul
:bi‘:h {:l:ha done with o minimum of trouble by the
use of u flexible film of high dielectric strength.
Among the materiala used in the form of thin,
unsupported films ia the familins cellulose acetate
which is most satisfactory as a backing film in
tapes. Comparatively frea {rom solvent attack, ace-
tate films are dissolved only by the more active
solvents such as acetons, carbon tetrachlorid
perchloroethylene, and other eaters and ketones.
Acetate films may be operated with safety up to
about 100 C, and if protected with silicone imprej

dielectric wtrength, cellulose acetate filma huve o
dielectric constant usually somewhere between 4.0
and 5.0,

A relutive newcomer to the field of film insula-
tions, but one which threatens to repluce ucetate
filmn in w majority of electronic applications, is
the polyester film marketed under the trade name of
Mylar.

Mylae in an extremely tough film which is hard
to tewr or crease und which hus lower moisture ab-
sorption and higher heat resistunce than conven-
tional weetute films. The fact that it in considered
safe to operate Mylar continuoanly ut 135 C makes
it o mpecinl interest to designern fuced with con-
stantly rining umbient temperatures.

Palyenter film is presently available in thick-
nensen between 0.00025 and 0.0075 inches. At leant
two companiea® are using Mylar film for tape back-
ing, while itw wpecial propedties, purticularly its
strength and moisture resistance, have led other
companien'to employ this film in combination with
paper, glan, asbestos, vulcanized fibre, and many
other materiala. Many of thewe Mylur composites
have interesting properties, and it is reasonuble
to assume that future coil developments may in-
clude materiala of this sort.

Of nome interest in the high frequency trans-
formee field are the insuluting filma made up from
mica aplittings held together by wn udhesive or
bonding akent. Mica papers, ua they ure called,
are availuble in thicknesses beginning with 0.005
inch and extending upwards to 1 8 inch. The thianer
sheeta have  high degree of flexibility-a charac-
teristic which hus encouraged une of this mate
in the form of rolled tubes impregnated with sil
cones for the coil forms in transformers which must
epeiate at high temperaturen.

Generally speaking, the type of bonding material
used in muabing thewe flexible sheetn has as its
bane, nutural resing or gums. An a rewult, thene
materialn are called Class 1 insulations and are
therefore recommended for use only up to 130C.
Since about BO percent of the film connints of mica
whicli i capuble of withstanding temneratures up to
almont 1000 F, it can be neen that the aubstitution
of a silicone or other binder lens afircted by temp-
erature would greatly increane the safe operating
range of mica papers.

Alnn of interest among high temperature insu-
lations wre the films made from pulytetrafluoro-

“Mirnesota Mining snd Manafactuing Covgany wnd Permavel
Tape Corporation, New Brunamick, New Jersey
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cthylene. The excelloent eloctrical propertien wnd
extremely high rewintance to moisture and temper
ature have created much interent in Teflon=the. nane
by which polytetrailuoror thylene is commont

Primarily a molded or fuleicuted materia
han proved to be difficult to produce in the form of
thiv filmx. For some time, ihe only method by which
Teflon films couldbe made was by shaving or nhive
ing blocks of the materini. Fil=as thinner than 0.002
inch are extremely difficult 1o produce by thu
method wid have the Luni defect of containg
lurge numbers of pinholen.

Conniderable work has heen done in un attempt
to produce Teflon films by canting and or extrumion.
Procennes have heen developed by which filma of
from 0.00025 10 0002 inch can be cast from wn
aquecun dinperaion, dried, und finally sintered into
 continuous strip. Filum mude in this manner hay e
fur fewer pinholes thun do wkived films. Fxtrusion
methods have ulso heen muccensful in that two
different types of film~ one funed and one funible -
are being produced in commercial quantities. Thuw
fur. upplications are few in high frequency trans.
formers, but most engineers are showing a decided
amount of interest in both forms.

in general. Teflon filma wre characterized by a
low dielectric constant (approrimately 2.0), low
power fuctor (average 0.005), no measurable water
atnorption, high dielectrie wrength, and the ability
to operate continuoualy wt 150 . In addition, they
are exceptionally high in mulvent resistance and
are nonflammable.

Many other film inwulations are available und,
while not of gencral interent to designers of radin.
frequency coils und trunnfocmern, nre denerving of
mention in this discussion. Ainong these materialu
may be listed Nylon, polyatyrenc, polyvinyl chloride,
vinvlidene chlocide. and certain of the «poxy renine.
Pach of these innulations haw its good featurén an
well un thowe in which it in inferior. For the mont
part, it seems that Mylar or the well-known cellulone
acetate film will mowt often he specified in the
dewign of u hizh fre quency transformer. This state-
mentiu not meant to dismisn the possitality of wucs
cennfully using one of the lenn common filme but
ruther 10 point up the windom of woeking with ma-
terials Luown to be good, while, at the sume time,
becoming familiar with thowe which may eventue
ally prove *o be better.

* s Mining ang W
y. Notvew ©

e
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SPECIFICATIONS

111-1-538

“Insulation, Llcctrical, Pasted-Mica®

JAN-T-638 )
“Tape, Insulating  (Electrical),  Linen-Finish,
Plain®

MILA-631A o
“Insulation, Electrical, Synthetic-Resin Compo-

sition, Nonrigid"*

ML--1H0A(D

“Insulation, Flectrical, Glass-Fiber, Untreated”

MIL-1-3158(2) .
“Insulation, Electrical, Glass-Fiber, treated,

Cloth, Tape, und Cordage (Resin Filled) ™

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

MDA
“husulation Cloth and Tape, Flectrical, (Rayon,
Cntreated)™

M 11303
¢ wn, Cloth and Tape, Electrical, (Nylons
Fiber Varnished) **

MiL-1-7708

“Iasalation Tape; Electrical, Vhesive, Plastie’

, Klectrical, Pressure-Sensitive,
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FINISHES AND MARKING

Section 9

FINISHES AND MARKRING

HISTORICAL BACKGROUND

Prive to World War 1I'it wun not customury to
attach tor nueh importance to protective finishes

for v-f trannlormers and their componcutn other than
to thone umterinls used in the impregnation of the
coilm T'o he wure, it was recopnised that brass
under certain conditions wim mubject ta coerosion,
and it wan therefore assumed that brass purts
should be electropluted o tinned, and ironund steel
were hnown to require some wurt uf protective
couting il werious rusting wan to be avoided. It
wan, howover, just about at thin point that interest
inand convern for other protective meunures ceased
to exint,

It was largely us a result of thin wituation that
the Armedl Forces, in the early duya of the War,
were confronted with a series of what wt first were
felt to be unexplainable equipment fuilures. Most,
but not all, of these breakdownn mevied to originate
under conditions of high humidity und elevated
temperatures, and it was noted that inoperative

-t unaully were d by un ac-
companied by un accumulution of corronion products

or cryntalline formations. Other inmtuncen of equip-
ment fuiluro were traced directly Lo the uction of
certain fungus growths which, In turn, were noted
an being awsociated only with certain specific
materials of construction.

1t in not surprising that out of the many new
developmentn resulting jointly from the Wur Effort
and the varied epvironmental conditions under
which equipments were uacd, that # new concept
was doveloped regurding thome protective measures
necoanary to deal with thene new fuemn of fuilure-
inducing organic and inorgunic yrowthe

Today It is generally acceptod that protective
finishoa are  necessury conmideration in the de-
wign of high trequency transformotn wnd amonyg the
reanonn may be listed:

To prevent corronion
o improve appearancs
To provide (or maintuin) good electrical
contuct
Vo reduce el lonnten o 1o improve Q
Tu fucilitate soldering

6. To prevent growth of fung

7. To prevent degrudation of fsulating materiul

by moisture

The common typen of fluinhes used (and it
whould bz uaderstood that thin dincussion will not
include coil impregnution mterinls which were
covered in Section 7) inclule vlectroplated und
chemical-film coatings amd paint finishen, A large
nunber of military and government specifications
cover the specific feuturen ol the various finishes,
Since these specificationn ure fiequently amendod
and wometimes may even appear to be conflicting,
the reader is cautioned to chedk the current amend-
ment of all applicuble apetifications whenever
wiurling a new project,

Fortunately for the denigners of most electronic
inductive components, the degree of protection
required inside of end equipmnnta iy not great. For
thinrcawon, el plated und vh 1-film fininh
wre penerally found matinfactory, Certain apecial
canen or a definite requirement for improved appeat-
ance wometimes createn the need for a painted sur-
fuce, but it must be admitted thut these cancs wre
relutively uncommon.

CHEMICAL AND ELECTROPLATED FINISHES

The importunce of the keneral subject of cheme
ical und electropluted fininhen in indicated by the
fuct that only rarely ure metullic components uned
without having received wome mort of chemical or
electrechemical trem prioe to the pleti
of the unit of which they are @ pant,

’robubly the mout common protective procees
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in one type or other of electroplating, Nimost uny
metal can be plated under the influence of a direct
current following the busic principlen met forth in
Section 8 of this manual and illustrated inFig, 84,
Particalarly in civilinn applications, the plating
mont often wpecified is cadmium, with zinc and
nilver appearing in special cunen,

It in not intended here 1o cover the nubject of
electropluting in any great detail nince only rarely
need a coil engineer be directly concerned with
the plating procesn, However, as han beenindicated
in other sectionn of this manual, it in a primary
purpane of thin work to supply genersl buckground
information that muy prove helpful in teansformer
denign, For thin reason, attention in called to the
fuct that electeoplating is a process whereby me-
tllic, or in cortain specific instancen, nonmetullic
parts are conted with a metal which in deposited
from an electrolyte us a result of 1onization. It
in important to remember that electropluting is
wccompanied by an increuse in the nize ofthe picce,
und therefore plating thickness rust be taken into
consideration when uewigning A or threaded
purts. To be wure, the thicknews of plating seldom
oxceeds 0.0005 inch und is more ofton of the order
of 0.0002 or 0,000 inch, but the fuct remuine that
there alwuyn in o dimensionul change nw a result
ol electroplating,

In plating wpeing-steel parts with cudnium, »
wrouble known uw hydrogen embrittlement is fre-
quently encountered. This can be mowt ncrious us
apeings 1o affected will fail (snap) withow warn-
ing. Usunlly apparcit immediately following the
plating procens, hydrogen embrittlement occusioa-
ally will not ahow up until & conniderable interval
of time han elapned, To avoid trouble, it should be
clearly mpecified that all apring-steel parts which
must be cudriium pluted ure to be placed in w250 F
to 275 F oven for ut leant 30 minuten immediately
following "emoval of the purt from the pluting bath.
fa thia ranner, the serious cffectw of hydrogen
embritlement may be largely avoiled although
this concition cun never be completely dinregarded
an @ potential wource of tronble when spring-steel
partn must be electroplated.

An oprration which iv frequently made u part
of electro luting procedure in that which iavolves
the use of un acid molution known us bright-dip.
As the name muggests, this treatmont increases
the luster of the aurfuce, leaving it bright in up-
pearnace an woll as chemically clean, A featore
of thu Lright-dip process which In important to

%2

remenbier in that it is essentially un eteling pos
cenn which nctually removen metal from the partw
being treated, It therefore iollows that closely
fitted or (hieaded portions “munt be carefully do-
wigned and carefuily treated if unifonn fits wre to
be muintained.

CHEMICAL FINISHES
Among the mary chemical finishes which we
umed on electronic  componentn may be linted
anodizing ~ a finish sometimen applied to ulumi-
num. The process of anodising in an clectrolytic
ane in which u peotective couting or film of ulumie
num onile s formed on the nurfuce of the metul,
e this oxide film in un electrical insulator
which moriously interferen with the grounding of
treatedd parts, anodizing in seldom applicd to the
" of radio frequency transformer,
A wecond form of chemicul teeutment for ulumis

num in much more comaon, purticulurly in the cane
of abield cans. Known as caustic etch, this procens
in ane fnvolving an alkubiur nolution which uttackn
the wuslace of the afuminum leaviog it clean und
with @ matte surface. All shicld cuns nude from
25, 45, or 525 uluminum should receive a caustic
etch treatment since its use provides ‘a surfuce
which in highly conductive s well us one which
tuken ink well, thus opening a way to legible
marking.

A coting which is of conwiderable importance,
purticuluely in the cane of brans solder lugs und
terninnln, is hot tin dip, While u comparatively
expennive couting, hot tin dip has the advantuge of
forming un cusily solucroble nurface which is not
aubject to oxidution. The process whereby the
conting in applied is relatively mimple, consisting
primwrily of dipping cleuned, fluxed parts in a buth
of either molten tin or a tin-lead (solder) ulloy.

While in general ferrous pwts are not particu-
lurly important in high frequency sransformers, it
docwneem wise to include u relerenceto phosphate
caatings for iron and stecl, Essentially, theso
jeovennc, of which Parkerizing und Bonderizing
ure examplen, develop surfuce coatings of inmolur
able, nonconductive phosphaten, Both of the above
mentioned coatings are applied by dippingthe parte
in w hot solution for time intervals varying from
3 to 45 minutes. Bonderizing in widely used s o
bune for paints arnd lacquern since it facilitaten
udheeence and also tends to retard rusting in the
event of deep acratches which cut through to the
bars  tietal. Parkerizing peovides w womewhat
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heavier, more carronion-resistant coutlng than Jdoes
Bonderizing, but neither method in recommended us
the sole protective finish for any compuncat, A
feature of phophats conting is the high ronistance
surfuce film which results from the process.

In wny general listing of chemlcid finishen,
mention probubly should be made of Mack ovide
coatings and fassivation, wlthough wdmittedly,
ncither iy of majoe importance in voil dewign.

Black ovide coatings consist of w very thin
film of blaek iron onide formed by chemical uction
on the murface of ferrous purta. While affocding
only limited protection against coreonion, such
filma form an excellent base for tust Inkibiting oils
and ulso give a very satisfuctory black color to
treated parts.

Passivation, un is suggested by the name, is
a chemicul proc -nu involving the une of nitric u
which readerm the surface of certuin wierls, includ-
ing those of the o
chemically. The
sion in, in itwelf, not great, but in combination with
that which in inherent in stainless wieols, it has
boen found mulficient for certwin limited oppli-
cations,

y far the mont important of the (hemical dip

less type, inactive (pussive)
gree of protection agnlnst corro-

treatmentw from u military point of view wre the
chromate treatments, Used on zine unl cadmium
wurfuces, chromate treatments reault in the for-
mation of a chemically complex, chromate type,
corrosion renistant filme This film in very thin,
peing appeorimately 0.00002 inch in thickneas,
und thus hus no effect on the fit of mnating or
threaded purtw of close tolerance. A lurther ad-
vantuge of thin type of film couting in found in the
gel-like structure of the film which maken it par-
ticularly resintunt to cracking oe meparation from
the metal,

It in posnible to have chromate filmn which are
olive drub, hronse, of transparent In appearance.
An interesting feuture of this particulat type of
finish is the manner in which the film duplicates
the criginal surface lustre of the metul, In other
wards, if u bright plute or a polished murfuce ia
treated  with a chromate finish, thereanlting
surfuce will Lo bighly lustrous, while the same
film applicd 10 a dull surface will produce u dull
finish. In addition to having color inherent in the
procens, chromate films may be dyed by the use of
Alizarine or Diago series dyen, thus upening o
way to the formation of ulmost any denired color,

Further features of chromate filmm include low
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electrical renistance = u property wllawing this
type ol finixk to be applied 1o

uned an elevtrical contacts, Certain types of chro-
mate filme w ke soldering nomewhat more difficult,
but w mpec al type of treatment in available which
when wsedd on cadmium plated parte, permits cany
woldering With resin type fuves, Chromate films
show u high degree of adhenion to the metal and
will withatand drawing or forming processes to the
same extent as will the metal swface to which the
filw in applieds

Comwsion resistance is gencrally improved by
the une of chromate coatings, but by no means are
these fininhes to be considered e completely of-
fective in thin regand, The bent wueface protection
in atforded Lo those films which wre bronze or
olive drab in color, with thone which ure ecither
dyed o transparent being of lower protective value,
Ax a banin for paint finishes, cheomate films are
enpecially good. Not only do they peemit excellent
adhenion, but in combination with the paint they
provide o high degree of protection for the surfuce
of metuln to which they ure applied,

It whould be noted that ¢} -omate films do not
provide prutection against the . rrunion of cudmivm
o cadmium plate which is packaged or confined in
a damp atmonphere without wir circulation in the
premence ol acidic orgunic vaporm

Metallic wingle cryxtals (irichites) may grow
unasninted wt room temperature from solid metal
ot plated nurfuces such as tin, 2inc, und cadmium,
Complete fnilure of an equipment can reault be-
cause of o low impedance or short circuit caused
by trichiten at a critical point in a circuit.

Frequently it will Lo fuand helpful to huve
knowledge of simple teata by which to identify
electroplated films, bune metaln, and the premence
of chemicul type peotective filum. This nubject hus
been thoroughly covered in Technicul Mansal No.
M-1379 entitled Inspection Ait [or Finishes written
by Adbeey Jo Ruffulovich wnd availuble from the
Signal Corpn Engineering Laburatories ut Fort
Moamouth, New Jersey, This publication lists the
reageotn, the equipment, und the procedures — all
wimple and cusy to undermtand ~ by which the
various finishes and bane metals can be positively
identified,

YThis sublort ts well covered in Informaion Dulletln No. 180,
Wi, 1, M. Gode, This bonklet |s evallable from the

and Mutorials Branch, ignal Corps Englneering,
ot Monmouth, New Jesey,
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PAINT AND ENAMEL FINISHES

Paints we organic surfuce contings made up
primarily lfrom drying oils anl plgments, while
enamela unually consist of a myntheticresin in
combinution with' appropriste wolventn, deying oils,
and pigments. The generul componition of these
and other finishes appears in Vig, 7-2 of this
manual,

In military equipmeat, orgunic llaishes muy be
apecified an a means of providing metallic wurfaces
with improved corrosion or weuther ronistance as
well an with improved appearunce, Since, however,
this discusnion is limited to high frequency truns-
foemer denign techniques, and nince comp
of thin general type rarely if ovee are locuted in
other than enclosed areus such na the interiors

of rudio or tadur sets, it is very seldom that paint-
ed fininhen will be specified for une on thene unita,

For thone occasions on which whicld cans, for
oxample, must receive a coating of paint on the
surfaces, the procedures outlined in the chbart
appearing as Fig. 9-2 will wsually bo fouad satis-
factory, Bocaune a film of paint or enurmel can be
effective only if it adhercs firmly to the suriace
being covered, it is customary first to treat the
Lase metal with some sort of a chemical treatment
aad then to apply a zinc chromate primer before
attempting spplication of the pmint itnelf.

Two more factors are of importance in those
cases where paints are used on the components of
-l coilu. A film of paint or ennmol is & good in-
sulator which means that provisions muat be i
cluded to allow for low resistance olectrical con-
nections whenever required. Theae may involve
masking, the attachment of apecial ground straps,
or the use of washers which pierce the outer in-
sulating film and give cootact with the base m=

Color is often a problem in the use of paint.
Federal apocilication TT-C-595, Golors for Ready-
Mized Paints offers a convenient and gonerally
satisfactory means of wpecifying desired colars.

MARKING

Part aumnbers, ratings, terminal ldentifications,
otc. are most commonly marked on colls and high
frequency transformers by one of more of the fol-
lowing methode:

1. Rubber stamping

2. Silk ncrecning

3. Die ntamped or molded markings

4. Decalcomanias

8. Paper labels

6. Clor code dots for torminala

Spocification No. MIL-M-1321 entitled Murking
of Klectronic lsems spacifion certnin tests for the
permunence of markings which wre required to withe
ntand thermal shock, the nolvent uctioa of carbon
tetrachloride, gasoline, und nmoap and water, to
teoint corrosion and abranion, and not to exceed
cettain limits on flammubility, For the cxnstmethods
of tent, the reader is referred to the specifications

For all markings involving the une of ink, paint,
cement, or other mediums which are bascd on ad-
henion, the surface to which they we upplied must
be fren from wax, grease, dirt, or other foreign mats
ter, Prior to marking, materiale must be  cleaned
when necennary by wiping with u molvent nuch ua
alcohol, by vapor degreaning, or by the use of de-
tergent cleuners, Because many types of markings
when applied to insuluting materials tend to de-
gradn the insulating propertien, it is usually pre-
forable to mark on adjacent wurfacow. If the mark-
ing munt Le placed on the inuulation, it is desir-
ublo to locate the marking nway from surface leak-
age puths across the insuluted parta, Die stamped
o molded markings on insulationn ure, of course,
the exception to the above rule mince no ink or
other muterial is .commonly uned with this type of
marking, It is customary on military components to
protect murkings againat abrasion and the effecta
of fungun by coating them with clear fungicidal
varaish,

RUBDER STANPING

Rubber atamping is the wimplest and probably
the wmost widely used method of marking elect-
roule components. Legibility ln womewhat related
to type mize with 1/8 inch or larger characters
giving beat results although 1716 inch characters
can be successfully rubber stamped if neccsnary.
Small quantity runs of components are moat often
hand stamped, while lurger production quantities
can be handled more efficiently with a jig which
allows quick and accurate location of the stamp
ageinet the work. At least one American man-
wlacturer® supplies automatic marking machines
which operate on the rubbor stump principle. Al-
most any size or shape of article can be success-
fully stamped by machine Il production entails
aufliciont quantities to make the process worthe
while.

Rubber stamps are sometimes used with liquid

SThe Mwtom Machine Conpany, Keens, New Hampshire,

inkn applied from a stamp pad, The more common
practice involven a puste ink = unually termed
printer’s ink = rolled on u slub from which the
wtamp is inkedy The advantage of paste Inh in two-
fold, it being more permanent than liquid ik and
alwo providing better legibility to the wtamping.
Rubber stampn will, if hept clean, uwually last
for more than five thowsand impresnions  before
replacement  becomen  necessary,  Conniderable
waek is being done on the development of vinyl
for rubber,

wtamps as a repla
cluimed for thin watevial include eusicr eleaning
and much longer atump lifes

The markings applied by robber stumpn may be
allowed to wir ey, or il time is a fuctor, the mark-
ings muy be force deied wt temperatures up to 200
degrees F. Both ovenn wnd infrared lunps will be
found satinfoctory wources of heat for forced dry-
ings
SILK SCREENING

Silk screening in thav process whereby w mpec-
fal enamel-like ink® In applicd to & surface thiough
a fine-mash cloth or metallic stencil. The atencil
or “*screen’, unitIn toermed, may be propared photo
geaphically by filling all weus of the mcreen ex-
cept where the markings wre located, of it may be
prepured by cutting awny with a knifo those poes
tions of the screen which form the desired mymbolu.
The part which in to Lo marked is then jigged in
ponition below the werron — usually at u distance
which just clears the under nurface of the mercen
~ and the ruther thick ink is then forced through
the screen with a rubbier squeegee blade, ‘This
method can reproduce with accuracy a far more
complex marking than in possible with rubber
wtamping, but it hun the disudvantage of involv-
ing u relativly high comt for the screcns them-
aclves um well an the necennary lead time involved
in making the stencil, Once the markinga have
been upplied, they can be dried in the wame munner
un those applicd by rubber stamps.

DIF STAMPED OR NOLDED MARKINGS

Die stamped o molded markings aro econ-
omicul only in large quantities where the markings
can be incocporuted in the tool producing the parte.
(See Sertion 6) It In obvious that this sywtem of
marking does not lend itnelf to changes wince any
change in marking in neceasarily accompanied by
a tool chenpe, Die mtamping produces depronned

Ysuch s 8. %, Uniramis il Screening Peint®®. sumlied by
Unton Ink Company, Ridgstield, New Jersey,

FINISHES AND MARKING

characters und may be used on metal pusta o on
plastic parta punched from sheet stuck, Molded
murkings iy be cither deprennad or tained —in
other wuridw, can appear above or helow the sur-
face of the material = and are wpplicable to molded
plastic or cerumic parts, Ruined characters we
moce mutinfuctory from the standpoint of mold life.
In canen where improved legibility in required, de-
pressed lettering can be filled with a thick paint
and the excenn wiped off,

DECALCOMANIA

Decaleomania maekings provide excellent leg:
ibility nd nppearance. The upplication of a *
cal’ wunally invulves the application of o coat
of specinl cement to the surfuce where the decal
in to be lovated, The decal in then moistencd, freed
from itn bucking paper, and alipped into place
where it i dry for a matter of neveral hours. It
is customary for the munufucturern® of decal-
comunia murkings to specify the exact process of
application and to supply the cemente required.

PAPER LABELS

Printed puper labels cemented in place provide
anothermeann of murking that is occanionally used,
purticulurly for identification during the munu-
facturing or development procemn, Paper labels
with prennure aensitive adhenive are commercially
availuble, but the adhesion provided by these
labels in inclined to be inudequnte for military
spplications where permanence of markings in a re-
quisite. In gencral, the use of puper lubels is not
Looked upon with favoe by militury denigners.

COLOR €ODH

A convenient means of identifying terminaln
which in widely used in commercial practice ron-
wists of the upplication of wmall dotw of color
coding lacquer adjacent 1o each terminal, Coloes
used comenpond 1o the colors of the hook-up wires
thut will conaect to the particulw terninals with
the stundard color code being as follows:

1. Green Lie grid tesminals

2. Yellow for grid return terminale

3. Blue lor plute terminals

4. Red for Beterminale

Color code dotn can be applied eithor by much-
inc or by hand and constitute a fant and positive

“Such as Moysreand Company, Chicago 44, Ilinels, and Palm
Brothers Decalevmanis Company of New Yorks
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method of identilying terminals. Suitabla lacquera
for this purpose are avuilable from a numbor of
American manufuctucer

CONCLUSION
WhLile admittedly there ara many other methods
of markings, the hove discussion hns centered

around those methoda considernd most npplicuble
to el i

larly high fre-

I o P

£Q Leoquar' menulacturmd by Lacaer and
Company, Broow

quency teansformors. Prohably cloao 1o 90 per cent
of ull such components are marhed either with
rubber wtamped part numbers, color coded termi-
nals, or die ntamped or molded terminal numbera,
The information which is to be wtumped upon the
shicld can or wherwise included in the finished
unit conatituten wdefinite part of the mpecification.
For rennona of legibility, markings whould be kept
as simple an ponsible - stondurd commercial
practice generally consisting of inclusion of the
part number, the RE'TMA® identificotion code number,
and ponnibly the nume or trade murk of the manu-
facturer,

*Radlo Klectronice Television Manufactivers Assoclation

1043R003100230009-9
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Fig -1 TABLE | ELECTROPLATED AND CHEMICAL-FILM FINISIES FOR METAL PARTS

Buse Metal

Aluriinum

Brass, Copper,
Phosphor-

DBronze

Application

Shield cans, hardware,
and xmall purts

Shicld cans, unthrended
bardware, and small purta

Theeaded parts, nuts,
and ncrews

Shield cans

Shicld cans, small parte,
nuts, und screws

Shield cana, unthreaded
bardwure, small parts

Theeaded parts, nuta, und
ncrews

Solder lugs and parte 1o
be woldered

Finish l

Cuustic etch for whiehdn
made of 28, 3S, or 528
aluminum — expecinlly whore
electrical contuct in of

Most often specified

importance, See Spevifis
cation 7253 Amendment 5y

Chemical dip treatment per Better protection than cunn-
Specification MIL-C-604) tic etch
wuch as Iridite No,

Anadize per Specification
M- A Not recom:
mended

Thiw finish in an iwuluting
filn which prevents or compe
licates electricul gronnding
Codmium (preferred) por Mont generally apecified
QO-I-416 or Zine plate pee

=325 0,0003"* thich mina-
jmum followed by a chromate
chemical dip treatment wuch
an Iridite No. 8-P (1)

Same as above except une
0.0002"" thicknesn of plats
ing to prevent threwd ine
terference,

Silver plate 0.0003* thick
minimum over 0.0002" thivk
copper plated undercom

Corrosion protection pourer.
but may reduce r-f lunnen in
the can

None except une “brights  Given xatisfuctory cors

dip** when partn wre initially rosion resintunce without

dull plating

Cadmium (preferred) o Zine  Better peotection than un-
plate 0.0003*" thick minimum  plated, Uned primarily 1o
fullowed by & chromate ¢hemi- uvoid galveaic couple

cal dip treatment much an ()
Iridite No. B-P (1)

ote galvanic corrom
hurt in Specificution 7
Amendment 5)

Same us ubove except une
0,0002°" thickness of plate
ing to prevent threwd Ine
terference

Hot tin dip Hent fininh for molderubility

0.7
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Fig. 91 TABLE 1 ELECTROPLATED AND CHEMICAL-FILM FINISHES FOR METAL PARTS (cont)
Finish Remar

Bane Metal Application

Solder lugs Ele dro-tin plate, 0,0002"
and parts thick minimum and fuse cont-
to be ing

soldered

Brass
Copper,
Phosphors

Bronze

Silver plate 0.0002"* thick Used for Vnwor oo losues,

minimum

Chromate chemical dip teeat- Zine cann were once geners
ment such as Iridite No. 8:1  ally used but are now dine
m placed by aluminum

Shield cuns, small die-
caal parts

Stainless Small purts, hardware Punsivation

Steel

(1) Iridite products wes manufuctured by Allied Nescarch Producta, Inc, of Dultimore 5, Maryland,
American Chemicul Paint Company of Aubler, Pennaylvanis, supplics similar products.

Fig. 92 TABLE 2 PAINT FINISHES FOR SHIFELD CANS

Surface ement

Base Metal Primer

Color optional — Kither
lustzrless enamel per
Spesification TT-E-527
or Semi-gloms enamel,
grade 1, per U, S, Army
Specification TT-K-529

Aluminwn Chemical dip treatment por
Specilication MIL-C-5541 Sp

such as Iridite No. 14 (1)

Zinc chromate primer per
ification MIL-P-6609

Tront with Phosphoric Acid
Metal Conditioner per
Specification MIL-C-10578

Brass, Copper
o Bronse

Cadmium or Zinc plate 0,003
thick minimum followed by
chromate chemical dip tronts
ment auch as Iridite No. 8-1* (1)

Steel

NOTE: Wrinkl,, fininh is

($}) now conmidered un-
denirable on military

applicationa

Chromate chemical Jir treat
p

such as Iridite No. 8-|

(1) Iridite materinla uwo manufactured by Allind Renrarch Product, luc, of Baltimore 5, Maryland,
American Chemical Paint Company of Ambler, Pennaylvunia, supplisd aimilar peoductss

Mones, Grahum l.co
Kloctrical Insulation, First Edition,

McGraw Hill Publinhing Company, New York, 1051,

Ruffalovich, Aubrey J.
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Al ot At N 4 b
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Part 1l
DESIGN METHODS

For nuggestions, criticisma, and general annintance with tha manwse,ipt of this section, we wre
pasticulurly indebtod tog
M- o M. Gade
Signal Corpa Engincering Luboratorlen
Fort Monmouth, New Jormoy

Mr. Aubrey J. Raffalovich
Signal Corm Fngineering Luburatoriew
Fort Monmouth, New Joruey
Mey Philip 1. Reie
Automatic Manufacturing Corporation
Newark, New Jerney
Minn Sacuh Rosen
Signal Corpa Fngiucering Laboratorien

Fort Monmouth, New Jerney
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INTRODUCTION

For many yearn the electronic industry has
operated with hyheid methods of r-f trannformer de-
wign mude up of excellent but highly complex
theory generounly wided by cut-andetey procedures.
This haw obviously led to many cyclen of making
and testing wampler, cach cycle being o wlight im-
provement over the preceding one, until finally,
an cutablivhed goul was attained. Thin luborious
cuteandetry mothod was necessary mince un ade-
quute bridge between the complex theory and prace
tical design wan not available.

This empirical type of design operation was
tolerated only hievause the electronic art was in
its infancy und the neceasary manpawer wan avail-
able to imploment thewe cut-and-try procedures.
Fl ica hun ded v ly wince the
beginning of Waeld War 11 and most engineers have
beez occupled with systems and equipment de-
aigne; & comperntively small percentage has
entered tho inductive components field, which con-
tinuen to operele with too thin a dimtribution of
engineering manpower. Anotber state of National
Emergency would meriously complicate this sit-
uation. One recognized expedient for coping with
this current deurth of skilled manpower in the in-
ductive field la 1o reduce or eliminute the time
conmuming cuteand-try design operations (which
inevitably takes on the aspects of “‘urt*) in favor
of a maore miroight-lorward and simple analytical
approach.

Part |1 prewcnts two design procedures — one
graphical and one analytical. Doth approaches are
especially directod to the engincer who has not
hud extensive oxpericnce in thin apecialized rf
coil field. The graphical method is the simpler,
but necessitutns that this manual or ut least the
neceasary churtw be uvailable. A thorough study,
leadiog to an understanding of the analytical
method, Is recummended since it can be carried out

at any tine or place without reference to special
churts o wraphs.  Either method will estublish
values for ull parameters, ao that an experimental
unit can he quickly produced withuut uny extensive
empirical operations.

The nections on Findings, Types of Construce
tion unl Measurements provide the necessary
knuwehow o trualsate the computed electrical
parameters into a physical voit und to finally es-
tablish, by suitable measurement and test, that the
transformer will comply with the original requires
ments, It is recommended, therefore, that the
Measurement section, particulurly, be carefully
studied wo that new designs can be properly eval-
vated, Iadio-frequency measwemcnts are subject
to connideruble variation between equipment set-
ups because of differences in inwtrument calibro
tion, stray effects and differences in test jigs and
fixtures, Such variations can be sources of ap-
parzntly sarious deviations from design values.
The Measurement section emphasizes the neces-
sity for dardization of procedur
in r~f coil testing.

It ahould not be assumed that even with sim-
plified dewign procedures that it will always be
poasible to design r-f transformers capeble of
meeting all requirements without some modificas
tion. !t is reasonable to expect, however, that @
systematic following of the procedures as outlined
will produce an experimental unit that will require
a minimum of subssquent revision by cut-and-try
techaiques,

It is recommended for purposes of comparison
that typical design problems be uttempted by both
methods,  The results should be compared and
judged upon the basia of the ecffort and time ex~
pended to attain the desired reaults. As the des
signer becomes more familiar with his field, ex
perience will enable bim to further reduce design
time. The method that ia finally chosen for future
problems of ~~f trensformer design will be detere
mined by persooal preference,

WINDINGS - EQUIPMENT AND TECHNIQUES

Section 10
WINDING - EQUIPMENT AND TECHNIQUES

INTRODUCTION

Mont inductive radio-frequency components are
bunically structures comprining one o more coiled
windings of insulated wire. In thin section are pre-
sented dencriptions of typew of windings, their churs
acterinticm, limitations, und applications, and dine
cunnion of the machinery and tevhniques employed
in the fabrication of commonly-used types. Included
alno are formulue, charts, and tabulated duta unes
ful to the designer.
GENERAL

“The characteristics und utility of u winding ure
governed by its dimensions, the disponition of wire
within those dimensions, und the quantity and kind
of wire that is used. Although other shapes may be
used fee npecial purpoves, mont practical radios
frequency windings are ensentially cylindrical in
form, with proportions varying over a wide range.
In the typical case, the shape is that of u ring
whone mean diumeteris some whnt larger than cither
ita length or ita height, theae being broudly of the
same order (Figure 10-1),

) ]
Rasic Winding.
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The winding may be elonpated cither avally
(Figure 10-1a) or cadintly (Figure 10-1b) anthe ratia
Letveenthe number of layers of wire and the numlor
of turns in cach layer in varied, Thus, when the
mumber of layers and turassper-layer ure dumt
equal, the crossesection may be square (Figure 10
D In one eatreme instance of a winding allof whone
tutus are in a single layer, the stracture resembles
w helical spring (Figwre 10:3) while a multiples
loyer  winding with ane turn in cach layer has the
appearance of a wpiral wpring (Figure 10-4),

Figure 10-2. Layer winding, square cross secti

Figure 103, Solsnoid ¥ inding, 1t
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ern of ulternating direction, each esacnticlly a nime duced in which the length-p n may be id Duo-lateral, honeycomb, wnd diamond-weave

U

Figwe 104, Spiral Binding,

An inlinite variety of turnm Jisteibutions can be
concelved and wound between thene limits. Within
the anlected winding outline, the wpatial relations
among the Individual turns may be arranged in many
wayn, The proportion between diameter and cross-
nectional dimennions is restricted by inherent struc-
tural limitationn of some windingn, T'he adoption of
a wpecific winding configuration will be dictated for
cuch upplication by cconomic conniderations,
well an by the physical und electrical roquirements.

Induntrinl machirery is available for the manu-
facture of ull uncful winding types and specialized
handling t2chniques have been evolved, Familiari-
ty with machines und methods in of great value to
the cail denigner. While secondury experimental
work iw wften necessary und desirable, uppropriate
busic denign procedures should be understood and
adhered 1o, Decinions based from the chance inter-
play of unknown or sbnormal materiuls and processes
muat ho avuided for optimum renulte and if engine-
ering profotype models ure to ba duplicated suc-

fully in lug 1 Jucti

¥
WINDING TYPES, GENERAL

The aimplest winding of more than one turn is
thut  which has wll of its turnw mequentially and
uniformly disposed in u single layer (Figure 103).
Although the usage is ambiguous, such windings
wre convantionally called solenoids. The spacing
Letween n-h‘num turn-centern muy be equal to the
effoctiva wire diumeter or groater, Solenoids are
sometimes moldified by a -yu\rmmlc v-n-non in

plo wolenoids these ure frequently called multi-lay
sulenoids or, wimply, multi-layer windings (Figure

10-5),

Figure 105, Multi-layer Winding.

I the wire in a multi-layer winding cyclically
travernea the winding surface at an angle greater
than the helical angle corresponding to the turna
npacing, a lattice or so-culled universal winding
results, Portions of the wire in opposing half-cy
cles of axiul movement thea mesh with one anotber
to form an interlaced pattern (Figure 10-6),

Figue 10-6. Universal Winding.

Ac develop from the uni 1 winds
ing Is the progressive-niversal rinding in which
gradual axial displacement, superimposed upon the
cy:llc excuraion of the wire, retards layering by

turn wpacing, therrby b pitch sole-
woids, A winding way he wound i ive lay-

fon of the winding in the dircction of diee
h A it

102

p winding thus can be peo-

ably lesa than the effective wire diameter (Figure
10-7). As in aimple solenoids, variable-pitch wind-
ings can bo made.

Figure 10-7. Progressive Universal Winding.

A flat spiral winding is one in which each turn
lies directly cver its predecessor, Rhilo it has some
aspects of a aingle-layer winding, it In properly re-
garded as a one turn-per-layer structure (Figure 10-
4). The banked winding is easentinlly a multiplic-
ity of succensive spirals laid down at a backward-
leaning angle so that each twn iu the upper layers

supported in the depression between two turna in
the next lower layer in preceding spiral groups
(Figure 10-8),

Figwe 108, Bank Winding.
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winding wre obsolete ancestorn of the univernal
winding, The extinct spiderweb winding is u spiral
whowe turns oscillute cyclically about theie mean
position as the analogous bavdertweave winding in
a wolenoid in which the oncillution is about the
mean vircumference. Mention of these disused typew
is made only to clarify occanionnl teatuul referenc:
s, purticularly in older literature.

SOLENOID RINDING

The nolzasid winding haw the obvious supers
icial advantuge of Leing s **nutural® structure; it
can ho wound fairly eanily by hand or on almost any
rotuting muchinery, such o a lathe, in licu of

ecific winding machine, Since inter-turn capncs
itancem are almont solely between sequential turan,
total dintributed cupacitance icnds to be low us
docw the nccompanying diclectric loss. There in
the incidental benefit thut the distributed capuce
itance is not likely to constitute an inordinutely
lurge portion of the circuit capacitance with which
the inductor in to be annocinted, Also becaune only
sequential turns are proximate, the potential dif-
ferencen among them are a proportionately small
purt of the total potentinl appenring acrosathe  ind-
ing, moking the ability to withstand high potentialn
inherently g

The nolenoid suffers from poor space utilization
renulting from the high rutio of length to height (Fig-
ure 10-3), Additi 1y, duc to the bets
ween turns near the extremitien, the efficiency in
respect to inductance yiclded by a given Nnowr
quantity of wire is relutively low. Accoedingly, it
in difticult to keep conductive (ohmic copper) Tosw
within reanonalle bounds for high values of inducts
ance to be uaed in radio receiving and other equips
ment where minimal size is demired. Where clons
apacing between windings in necessary, as In
tightly-coupled transformers, construction can be-
come clumay or even physically unrealizable.

Suitable applications for wolenoid windings wre
ivinductors of the order of fifty microhenries or leas
corresponding very roughly to an operatingfrequency
of two megacycles; for inductunces of not more thus
about ten microbcnries, there ia usually no altere
aative, Where bulkineas is not proecribed and low
distributed capacitance or hl;h potential (voltage)

bility are of p as in larger
radio lmnnnltung eqnlyr\cnl. or where poor con-
ductunce is tolerable, as in many radio-f
choke coils, solenoids of weveral hundred mlum
henriew may be utilized.

i R ST B
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The unofulnens of solenoidw may be extended
notably by recourne to ferromagnntic vorem, Aside
from Incroanen in practical inductance values they
wake punnible, cotes may be unend for inductance
adjustment; continvously variable cored inductors
are uned in variohle reluctance or wo-culled per-
meability tuning wystems (see Section 3)
VARIARLE-LITCH SOLENOID RINDING

In permenbility tuning, the rate of Inductance
change munt nometimes be reluted uniquely to the
degree of corn innertion, Thin noed exinta, for ex-
ample, in the tuner for a superheteralyne radio re-
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jtunce and dielectric losn of wimple emulti-layer
windings render them unfitted to most services at
frequancien exceeding a few temn of hilocycles, In
the worst cane of a two-luyer winding, the first and
{unt durna are in juxtaposition, Introducing the ca-
pucitance between them acroan the entire winding,
Paper ot nynthetic resin sheetn aro frequently inserte
ed botween layers to reduce capucitance, to furninh
w atalle bane for cach layer, and to increase the
ability 10 withstand operating potential (Figure 10-
5). Swh windings are gencrally wied with fero-
magnetic cores. While it in primarily for sub-rudio-
frequency applications, not within the scope of this

ceiver; in renponne to synchroni Core N
the inductance of the oscillutor coil mustchange ina
manner =0 telated to the simultancouuly chunging
inductancen of the signal-circuit coils that the re-
wultant tewonunt frequencies of the renpective cire
cuits are nepacated by a constant numecical dif-
ference, equal to the operating ferquency of the re-
ceiver's intermediate-frequency amplifier wection.

In other applications, it may be danited that the
inductance uf u coil vary with cors ponition accor-
ding to w logarithmic or exponentinl laws An un in-
stance, imluctnnce chunge proportionate to the
square of corestravel is of interent when a linear
diaplay of Irequency is wanted on u froquency-con-
trol indicator-ncale. A veriable-pitch mulenoid wind-
ing offern mewnw of at leust partly lullilling the
foregoing requitementa, Such a winding alno may be
resorted to when a coil isto be use:l an an atificial

line with dissimilar terminal imped;

o wheeaver non-uniformly distributed capacitance

in of value,
MULTI-LAYER RINDING

A layered winding of solenoidal form has high
conductive efficiency. This can be explained in the
following way: The total inductance of a winding is
the sum of the inductances of each of Itn turns plus
all of the mutusl inductences among the turns. Mu-
tual inductanzy in a fusction of electromagnetic
linkage and, tharefore, of mpacing belneen turns.
It follown that # compact winding, all of whose turns
are clowe together, will exhibit high inter-turn mu-
tual inductunces und, thereby, high inductance per
unit length of wire, As a corollury, « wquare crosy-
section will yiokd the highent conductive efficiency
of any rectungular-section winding: th1 nquare is a
rectungle of least dimensions dufining a given area
hence, it is tho most compact outline to contain &
given number of turne,

Unfortunately, che very high dintributed capec-

of the simple i-lay
ing helpn to lay a background for wome of the more
complen and useful windingn, Paper-nection multi-
layer windings are uaed in some (noxpensive pulae
trunnlormern for television high-voltage power sup-
plien,

UNIVFRSAL RINDING

The universal winding (Figure 10-6) retuins
mont of the advantages of the mimple multi-layer
winding while the faulia are largely eliminated, It
in virtually as compact, and efficient in wire utili-
zution  but distributed capacitance und dielectric
loaw ure greatly reduced. it notfor the residual
capncitance, which is still markedly higher than
that of n wolenoid, the square section would be pre-
ferrod. Since the greater component of the capaci-
tance  may be regerded an reaiding between the

manual, i i1, wind-

layern cather than between ndjacent turns, radial
1 to a degree d. upon indu

and frequency will tend to reduce dielectric loss
moeo tapidly than conductive low in increused. A

rectangular section whose height In, sy, five times
the length in a peactical limit usually dictated by

phywival winding limitations.

Anvther method for distributed capacitance re-
duetion, which is not as wastelul of space in the
radial plane, is ‘sectionalization (Figure 10-9). The
relation Letween sections is nometimes manipuluted
for inductance adjustment. ‘The nominal interluce
spacing of udjacent sections Ia not very critical
The advantage of using moro than three sections is
negligible. Khen ferromagnetic cores are employed,
cither foe inductance adjustmsnt or for the improve-
ment of efficiency, the gains from wectionalization

h reduced, since a core will itaelf increase
the dintributed capaci of a sectional winding
more than it will that of a solid one,

Dent upplications for universal windings range
from the highest inductances for rudio frequencies

e s

oL

_-._,_,__m.,__g__.__.,.,____‘_,,_-l

down to the vicinity of two-hundred microhenries,
at frequencien upto about onc-half Megacycla . As
a general rule, univereal windings should not be

Figure 10-9, Sectionalized Universal Winding.

considered above two Megacycles unican distributed
capacitance is unimportant oc extreme upace-naving
is mondetory, Univernal windings ore extensively
used in 0,455 Megncycle and lower frequency inter-
mediate-frequency rannformers.

PROGRESSIVF.IINIVEY:

To the deslgu probiems posed by inductances
ranging from fifty to twe-hundred microhenries for
use between one-holf and two Megacycles, approxi-
mately the medium-wave radio-broadcast spectrum,
where neither solenoids nor universal windings are
entirely satisfactory, the progressive-universal
winding offers an ideal solution (Figure 10-7), Low
distributed capacilance, approaching that of solen-
oids, and reasonable conductive efficiency and

are characteristic. cnas high
& b, d microhenrica are i wound

over ferromagnetic cores.

Progressive-universal windings are well adapted
to utilization in permeability-tuning systems requir-
ing higher inductances than can be obtained proper-
ly with soleaoidal construction. Where appropriate,
the variable-pitch solenoid has its counterpart in
the variable-pitch progressive-universal winding.
The most common application of the wugsessive-
universal wiading is in the signalcircuit coils of
radio-brozdcest receivers,

FLAT SPIRAL AND BANKED WINDINGS

The flat spiral winding is difficult to wind and
is extremely wasteful of space although it can bave
a faiely low distributed caperitaace (Figure 10-4)

WINDINGS - EQUIPKENT AND TECHNIQUES

For the latter reanon and because the ahape lends
itself, the [lut spiral is sometimes uned for radio
receiving loop antennas. lis large outline in con-
sistent with this usage but it is uwually deformed
into ovoid shupe to fit the oblong receiver housing
(Figure 10-10).

Figure 10-10, Spiral-wound Loop Antenna,

Bunked windings share with progrensive-cai-
versal windingn many of theis fcaturew und formerly
were uned wilely in wimilar circummiances. Manu-
facturing difficultiea have relegated them to ob-
scurity except for occasionsl lurge, many-lsyered
windings of large wire which are Irequently hand-
wound.

WINDING MACHINES

A winding machine must peovide means of sup-
porting and rotating the base upon which the wind-
ing is to be upplied and u device for guiding the
wire of which the winding is made, In simplest form
the machine comprises a unifying frame; u shalt
fitted with a power receptor,such us a pulley, gear,
or crank; u mandrcl for holding the ~ork; and a wire-
guide, idiomatically called button, finger, needle,
etc., mecurcd 8o us to retain limited freedom of
radial movement. There is usuully an auxiliary
shalt which serves to transmit power to the button
moving mechunism at the proper rate relative to
work-shaft rotation. The necesanry apace and ve-
locity relutions between the shaft und the button
are poaitively entablished, inall practical machines,
by means of geur tra To extend the utility of
available gear metn, compounding facilities are
usually provided. Sometimen compounding is limit-
ed to fixed idlors of simple fractional rution.

The proportions of a machine are gossined maia-

108
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ly by the wize of the geaem. The dovelopment of
winding machinery has proceeded ulong two quite
divergent linew; most machines wre designed around
apur gearn of cither 20 o 48 dinmeteal pitch. Both
wiylen can be wlapted to most winding tasks but the
sualler M-piteh machines wre womewhat  Letter
waited 1o il precinely-controlled work while the
Lazge 20-pite b equipmeat can hundle work beyond
the capacity of the more compact machines. 20-pitch
change-gears e the smallest commerciully availe
able in conscentive sets; thin accounts, in part,
for their populurity,

Mativating power for most machinon is derived
from clectric motors and is usaally transmitted
theaugh beitsand-pulley drives, A few machines used
for limited experimental work or for winding coils
of very few turas are driven by manual crank. In
peactice, the work-huft, or spindle, is normally dis-
continucun, it components being connected by a
clutch mechanism. The clutch in convenicntly join-
ed with @ beaking member, the combination making
rupid atarting and stopping of the machine possible.
Alternatively, the power may be upplied to and the
clutch und brahe moy be installed in the auxiliary
shaft,

Premcttuble  uutomatic stopping devices, both
electrical and mechanical, we widely used, The
lutter tenl to be more positive in activn and are,
therefore, preferable for highly accurata work, Pre-
lindnary wlow-down prior to full stoppage has been
incorporated in wome machines in attempts to o
chieve precine control. Modern automatic-stopping
muchines do not require integral turna countera such
s ure built into manuai or pedul controlled machines.
In typical whop practice, a weparate counter, with
fitting for tempornry attachment to each machine, is
uwed fue ntop setup only,

The mandre! 1n cssentinlly a removable exten-
wion of the pindle which in denigned to fit the form
upon which the coil is wound. Spring fingers, knues
led wurlacew, clamping screwn, und the like are em-
ployed to necure the form and wire, yet to allow
apeedy renmval of the completed coil, Tandem man-
drel arrangements are sometimes used to increase
machine vutput in relation to running time. In other
syntemm, long mandrels supporting a number of coil
formm end-to-end are used for the same purpose. The
value of Increaned effective winding spoed by such
Jovicen in nell-limited beyond a point, reluted totne
number of winding turns, since handling time be-
comea un incresingly larger proportionate part of
total cycle, Multiple mandrels are usually made
quickly detachable from the machine spindle so as

b et

to romove a large purt of loading und unloading
thina from the total. Such mandrels or any extra-
ardinarily long, thin mandrels may require additiou=
al wupport from a tail-stock on the machine.

Winding speeds are limited by the incrtia of
moving machine elements, wear oo cums und other
clements moving at bigh peripheral speeds, wire
ateength according to its wize, andthe performance
of the wire holder undtenuion device which is wsed,
Minve cach of the foregoing facters influence mas
chine apeedto varying degrecn it is difficult to nug-
gewt exact limits, A good uve-uge starting speed is
about 150 ft. per minute, It is supgosted that the
recomimendationa of the machine manufacturer be
carclully studied and applicd un necessary.

‘The bent types of holders ure those in which the
wire in removed from u stationary spool with little
Inertia, Tension should be capuble of smooth und
dependable adj Notating spool-holders ure
particulurly poor since the inertia contributed by
the upool is high and variable with wire content.
Autiliary wire guides, suitubly supported, are uned
to direct the wire from the tensiou device to the
hutton; ubrupt changes in Jirection can cause works
hardening of the wire.

‘The button is a slotted or grooved member throngh
which the wire passes an It is laid down upon the
winding surface.lt in preferably supported and shape
©d »o that the noemal plune of the wire, as it is re-
loumed, is tangent to the surfuce of the winding so
na 1o minimize frictional loswes and other disturbe
ing forces, A moderate umount of radial pressure is
usually appliedtothe buttonto prevent errutic moves
ment away fromthe winding surface. This is best obe
tained by adjustable wpring-loading but, insome
machines, is supplied by force arising from wire
tenwion.

T'he specific conliguration of the button is de-
pendent upon the idiosyncracies of the winding and
upon the skill and inclinutionn of pernonncl; an ene
armous veriety of shapen and many materials have
been nuccessfully used, A bardened and polished
sieel block with a V-shaped groove emeeging to the
swlace adjocent to the winding is gener
ful, The contour of the button can be mod
roquired, to fit various winding aceds.

MNENOID BINDING MACHINES®

As might be expected, solenoid winding ma-
chines are simple in fuw and in operation, As
uuxilise; shaft geared to the spindie actuates the
button along the winding axis through a suitable
mechanism, This may be & worm-and-nut, gear-and-
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rack o cam-and-pushrod moveuent, In a typical
worm-leive  arrangement, @ hall-nut-like rider in
held In place upon the worm by gravity and it in
hingod wo that it can bo dinengaped readily for re-
turn 10 the atart. This mavement in positive but
there s an uncertainty in wtwting location due to
the neconnity for reengaging the worm. Obviously,
iho lend-per-turn of the windiog will cqual that of
the wam fur unity gearing of the mpindle und worme

shaft, (Figure 10-11),

worn shaft

N\

WINDINGS ~ EQUIPMENT AND TECHNIQUES

Fuoe ruck movement, n pinion shuft is trannvers
el located with respect to the auxiliary shaft and
ta coupled through redluction-gearing, usually 1,100
in twtio, A 16-tooth, 48-pitch pinion on this shaft vae
gugen the rack, giving 77300 or 0,010472 inch leadl:
pee-turn when the wpindle to auxiliary shaft ratio 1n
1/1.A friction clutchin included in the pinion wlaflt
to onuble manual return to the starting point (Mige
wre 10-12),

hinged

§|

~
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“~ winding
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\ mandrel

Figure 10-11, Solenowd 8 inding Machine,
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Figure 10-12, Solenoid Winding Machine with Friction Cluteh,

ol winding mechines ase Included in the cates
o meat inding machine matulacivert auch a8 Gemae
e Manulactiving Co., Ine., Chivege, lil., and Universel

Winding Company, Providence, R.J, "
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In a somewhut similue nirangement, the pinion
in replaced by a flat cum und the rack by a push
rod terminated in @ cum-follower; this rod must
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move laterally in line with the cam conter.For sime
plo solenoids, the cam has linoar rise but the con-
tour can be whaped to produce virtually ony vari-
uble pitchs This unique featvee renders the cam-
driven muchine most usuful of ull solenoid winders,
Spindle to cumeshaft gearing in determined by the
relution between the rate of cum rine uod the wind-
ing pitch; 17100 gear reduction is usually intro-
duced. Precine cum forming is ensential since only
part of ona cam eycle is uscd for winding, the re-
muinder being reserved for the return stroke. No
other means of returning to the start is nceded. The
follower in wpring-louded to muintuin contact with
the cwin, un ure the anulogous purts of the other
machines to remove lush in thew respective move-
ments (Figure 10-13),

wdliary 11100 opeed
& ohaft, redvstion Vi

The button on a solenoid machine is usually
spuced uway from the winding surface alightly more
than the wire diameter, by meuns of an adjustable
stop, to avoid disruption of ulready woundturns. For
tho suke of simplicity, clutches, brakes, guidow,
etes are omitted in muchine figures,

UNIVERSAL WINDING MA CHINES'

One variety of universul winding machine ls
quite nimilar to the cum-ope ted solenoid mnt,:Mllu
except that the cam-nhaft in gearcd for much higher
rotutionsl  speed. Instead of lews than one cum
rovolution  for the entire winding, there may he
from u fraction of one to several cam cycles per
vurn, The specific numbior depends upon the numbier
of truverses or cronsovers required, cach cycle
covering an even number of crossovers; two nre
almost invariably used (Figure 10-14).
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Figure 10-13, Solenoid ¥inding Machine with Spring-loaded Cam Follower.
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Figure 10-14, Universal Winding Machine with Flat Care

Dy roorientation of the cam-shaft parallel 1o
the apindle, it can be geared directly to the spind-
le, & cylindrical cam being uaed instead of a flat
cam. This construction is favored in heavy-duty 20-
pitch machinery (Figure 10-15), In either machinn
type, gouring determinen the rolative shaft apoeds,
hence, the number of crossovern-per-turn. The length
of the winding between wirc-centers atthe extremes
of excurnion is equal to the cum-throw; the over-
all length is one wire diamoter areater in a perfect
winding, All practical cumn are lincar and every
effort is made to effect instuntancous return ut the
enda of the throw.

opindle
\

WINDINGS - EQUIPMENT AND TECHNIQUES

PROGRESSIVE-UNIVERSAL WINDING MACNINES

The progrensive-universal winding combinen
characteristics of nolenoid and universal windings
and, similarly, a muachine for winling them in n
hybrid combining the functions of both machine
types. A basic solenaid machine can be alaptedl 1o
progressive-universal aperation by the addition of
o necond gear-train, awniliary shaft, and an encile
latory or shuttle cam to provide the cycle traverss
ing movement (Figare 10-16). Alternatively,  uni-
versal machine in convertible by the addition of the

. for laternl (Figue 10:17),
The difference in upproach ix significant anly inwas

mandrel

ey BTN

i

cam shatt ~

Figure 10-15, Universal Winding Machine with Cylindrical Cam,

The button is, of course, uctuated by the cam-
follower. For simplicity, the Lutton is usually at-
tached to a pivoted arm. Since the resulting ar-
cuate button travel deviates from the radial path
necessary to maintain tangency between the re-
leased wire and the winding nilace, as the wind-
ing diameter increases, the advantage of using a
iong urm to minimize the deviation is appurent.
Truly radial buttontravel can Le obtained caly with
undesirable complications. The oacillating followeg,
push-tod, and button ssembly are desigoed for
light weight, conaistent with rigidity and durabili-
ty, to revent disruptive mechanical rescuances at
high spoeds. Buttons are often ganged to wind
eimilar windings on the same coil form simultane-
ously or for use with multiple mandrels.

IPnotes of typical winding mochines ae included La the cotes
106ues of must winding-machine mamleciurers such as Goorge
$tovons Msnufectiring Co., Inc., Chicego, i, and Universel
Winding Company, Providesce, R.l

far s whichever baxin alfords clearer_underatunl-
ing of the composite natuwre of the machine, Aw in
solenoid machines, the cam-driven lateral drive
maken it possible to wind other than constantepiteh
windings. Buttons munt Le shaped to uvoid provis
ous turns.

FLAT SPIRAL AND RANKED WINDING MACHINES

Flat spiral winding machinea are bunically aim-
ple inasmuch as no avial or oscilluting movement
takes place. Such complications as exint wre entires
ly in the mandrel which annumes also the function
of wire-guide. It is cnnentially a pair of demounte
able plates separated by u mpacer us thick us the
wire diumeter. The shape of the spacer may be other
than circular in order 10 develop the demired ahape
of the antenna loop, for the unual application, Cae-
rugations are sometimen pressed into the winding
alterremoval from the mandrelto impurt stiffneswand
us o means of inductunce udjustment; shupe.
taining supports may then be dispensed with,

10-9
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Intrlcate muchines were formerly used to wind
bunked windings, In view of tho premant existence
of progrennive-univernal equipiment, the simplest

auxiliary shaft \

11100 spesd
rediption

wurk apoilage. Among Itema of maintenunce come
mon to all machines ure poriodic lubrication of
whalt bearings und rubbing purts, take-up of thrust
hewings to climinate shafe end-play without binding,
shuttle

Bglﬂ

can lhxu‘t.\

/mnd.nl

transversce gonr\

~~ winding

e

— button

optrtze ~ || 2

— Fflom:

= g o=
/

trsnaély
an
follower

L [}
cm.é m&m
oarrier ocam

Figure 10-16, Solenoid Winding Mackine converted to Progressive-universal,

transverse
goars

iy

hinged
ra follower
- worm chaft

shuttle gears ——o

mardrel
— carrier

— 8lide
— mandrel

~ winiing

~N button
— followor

e

Gasm shaft /

Figure 10-17, Univeraal Winding Machine converted to Progreasive-univeraal,

peocedure in the rare avent of necewaity is to use
auch oquipment with stepped cams of special de-
wign, Becauae of their virtnal bsolescence further
dincuauion or study of bunked windings is unwar-
ranted,

BINDING MACIHNE CARE
A winding muchine is a precinion tool and care
should he taken of it accordingly, Schedaled pre-
ive mai is invaluable for Leeping the
machine in good winding orler und for preventing

reliniahing or discard of worn butions und auxiliary
wire-guides, elimination of halting cr jerky actioa
of tenmion devices, and general cleanlinesn.

Gews must be meshed at their pitch line to ae
vobl eiher excessive wear of tooth-chatter. In coms
pound gearing, the overall ratio should be subdie
vided into roughly equal parts. Gear tooth numbers
ahculd always be chosen to avold, as far os pos-
»ible, abnormally high intermodiute ratios and ace
ute angular chunges in the direction of transmis-
wion,

.

Proper tools should be used to peevent auch
dumage wv burring of shafts and stripping of threndn,
Fxeeanivo force should never be applicd to adjust
or tighten machine members, Mandeels must Le pere
eetly concentric and capable of holding securely
coil-forms within their specificd dimensional tolers
ancen, Excexsively worn purts that cannot be come
pensoted should be replaced without delay, Cluteh
and brake facings must be kept free of grenve and
dirt. In can-trive machines, special utteation shaull
be devoted to the cam contour and o the condition
of the follower mechanism, Some machines utilize
wiable throw from a n
ale cans the elements of this action must be cares
fully scrutinized to peevent non-linearity aud de
viation of throw,

RINDING MACHINE SETUP

The detaited operation of setting up a winding
machine will depend upon its upplication and con.
struction. However, the gencral objective is to
make preparation for winding coils, of desired i

menniani,

a lver action to cffect a

<xacily located with respect to state.l
reference points on their forma, Means are provided
inthe Lutton supporting system for properly positione
ing the atart of the winling. The internal winling
dimennions will lie within predictable ranges if
these have been correctly set,

In the event that « winding does not meet the
computed physical specifications or does not wind
uniformly, under no circurmtances should the nete
up be subjected 1 sandom experimentation. father,
the winding table should be acrutinized for funda-
mental erroen of judgement and execntion and should
be corrected o confirmed, us the case riy be. Ate
tempted compensation of design error or machine
fawn 1y means of urbiteacy modifications can be
expected 10 make consistency and precixe mana.
facturing w, reification imposnible. Changes, if in-
dicated, shoull be made in a systematic manner,
based upon observed results,

Mictometer calipers, steel rules used with low-
power magnificrs, und special gages 20 fit ununual
situations are valuable tool for winding measures
ments, Initial sumples made of controtled mater
and, where feasible, held 1o closer than allowalle
dimensional standacds whould be submitied to ¢l
ecteical test, before considerable quantities aee
wound, 1o establish whether or not nominally cors
rect winding data have been evolved to meet el.
ectrical eequirements. Minimal wire tension to jres
vent the encape of wire from its spool fuster than
it is connumed in the winding and Lutton pressure
junt mufficient to maintain contact are projer,
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A natural inclination to force the winding into
wubmission, by wpplying excesnes, is to b vupe
pressed s a generality, it is axiomatic that w sead
winding s w pannive winding which in neat and
uniform in appearance, with its pattern ¢ Jearly e
fined and withowt void o creatie migrations of wice.

The most critival adjuntent in madbine wets
up s the button wetting, Aide from proper hape
and tangential relation of the groove to the winding
rurfuce, w werien of minute secondary adjustments
will usually be necennaty for the achicvement of
Leat results. Positioning of antomatic slops, on
machines wo equippel, way require painataking
manipulation, Variable-throw cam devices introduce
an wlditional detuil of carelul adjustment.
$INDING HANDLING

A satisfactory winding having been dewigned
4w stable machine netup suited 1o itw production
having been made operative, it is in ocder to cone
~ider methods for handling the coil, while on the
machine and preparatory 1o its removal. Eacept io
layered windings, in which the start in bound by
the winding itself, the start and finish ends of the
wire must be secured, Flowed-on molte wealing
war, fastedrying thermosstting cement, adhenive
tapes, or bits of cellulusic film material noftencd
in nalvent may be wsed for this purpose. Care munt
be taker that the binding muterial doca not inters
fece with other coil elementa, or protrude beyond a
wpecified outline dimennion,
integeal or securely attached terminal lugn on
sume coil-formes may serve exclusively an means of
ticing down the winding ends, Fhen cement-conted
wire is used, it can he made self-adherent by the
applicetion of w muitable molvent. A practice 1o be
avoided, unlesw mtrictly necessary, is to wind over
a Coating of cement or layer of wihesive tupe to we-
cure @ winding to ita bune. An insulating tupe may
sometimes be inteoduced when one winding in wound
directly over anather, Occasionaily, windings ure
placed uves cemavable aleeves or tapen 1o make
nubnequent positional adjustment posnible.
s sometimen expedientto run the wire through
a liquid buth before reaching the button an 4 means
of removing oily deponits and to promate tempoeury
adhenion Letween turna in the course of winding,
A\ny ncn-corronive mateninl, which will not attack
wire coverings wind which can be driven off readily
Ly evaporation leaving no rexidue, is unable, The
buth whould not be uned un o meann of inducing an
unsound winding to cohere, A completed wining is
Ly no means a homogenous mass und must he hande
led with care, when temaved from the mandrel and
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thereafter, to prevent dolornintion or disturbance of
ponition,
WINDING DESIGN

The selection of wn optimum winding doaign
conntitutes a complex problom whose nolution fe
influenced by many Interrelated considerations,
Anide from the choice of n generic type, dictuted
by inductance and opeeating fraquency, judgements
munt be made as to winding proportions, wire wign,
and relations to anmocinted windings, electrostutic
ahicllm, ferromugnetic coren, und other elementa of
the coil ansembly, which will assure compatihle
conformity with “phywical and electrical require-
ments,

When a coil is to Lo one of a series, it in uau.
ally desirable 1o combine forma and accesnorien
into one or a few typen; nome degree of compromine
1o make thia ponnible in ncceasary. I is frequontly
expedient to adopt available approximately comact
parta rather than to search for theoretically opti-
mum material,

The chiof parametern that define a singlo wind-
ing ure its inductance and itn figure~of -merit or Q;
mecondury requirements to ho satisfied may be dia-
tributed capacitance, irect-current resistance,
voltage breakdown ability, and the environmental
stability of one or more characteristics. 1, for the
purposu of simple analyais, the effects of farro-
magnctic cores are neglected, inductance is almply
a function of dimensionn und the namber of tunm,
1) depends upon volumo, materials, and their diatri.
bution.  Components of disipation, which is the
teciprocal expression of ), are simple conductiva
lown (direct-curent remintance), increase of cone
ductive loaa through skin-effect (the tendency of
high-frequency alternating current to flow near the
surluce or by the path of lonst impedance in con-
ductors), distributed capacitance loss (the un.
Invorable redistribution of potentials in a winding
renulting from internal capacitances), dielectric
loas (effective shunt resistances originating in Im.
perfect insulators), and Induced loss (power cone
sumed by the induction of currents in nearby obe

Jocta),

For practical Jdeslga purposes, there fs listle
value in attempting anulytical treatment of each
lonn component; it is mulficlent to be awase of lta
exintence andto design ao as to minimize all losues
In the eggregate, For the make of Q alone, the
largast windingis beat for a coil isolated in space,
Practical size is limitod by other members of the
coil agacmbly and extranecus objecta. The vaual
limitation is impoaed by a can pleced around the
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coil for electruntatlc ahiclding and phyaleal pro-
tection,

The cffect of n shield upon Q (See Section 2)
depends upon it shupe, proximity, surfuco romint-
ivity, and electromagnotic permeability, For cloned
eylindeical shichds of aluminum, u neurly optiiur
compromise bLetwoen maximum winding wize and
separation from the shield is given by a two-to-one
rutio between the inaide shicld diameter i the
ouvtside winding diumeter andby end-spacing of the
wieding from the hield Ly its own diumetcr, Copper,
having lower renintivity, may be brought momewhat
closer to a winding und commonly-used aine mhould
be spaced ubout 25 percent further for bamt remults,
Flectromagnetic metals, such as steel and nickel-
bearing ulloyn, ue high-enistance materiala, nuch
an interior cadminm plating, preferably ahould not
be used in coil shiclds, A shield should he nenm-
less in its circumference to avoid high-reaiatance
jointa. A square.can may be conmidered the squiv-
alent of a round can of cqual internal poriphory.

The selection of wire size partly involves ol-
ementary understanding of skin-effect. The den-
sity of a high-roquency currest in a wire ls great-
est at the surfuce, falling inwardly at a rate vary-
ing in inverne prapartion to the aquare roat of the
frequency. Although the transition is not truly ab-
rupt but gradual, it may be assumed for practical
evaluation that all of the curent flows uniformly
in a tubular outer maction of the wire, within which
there is no current, In copper, the depth of this
penetration is taken as 2.5 milinches, at one Mega-
cycle. A straight wire five milinches in dinmeter
ean, therefore, be wtated to huve no akin-olfoct at
that frequency. The resistance of wire up to this
diameter varion invoruely with the ares, o square
of the diameter, as it does for direct~currant, In
wire larger than the critical dinmeter, the current
houndarics are defined by two radii whose differ-
ence in constantly equaltothe depth of penotration.
The.efore, the reslatance in such wire varles fn-
veraely only with the first power, or directly, with
the diameter, Thus, for any frequency, a wire size
can be establinhod heyond which futher renls ace
teduction s greatly diminished, When a wire is
formed into a ring, as in & turn of & winding, the
current secks the mont direct path which |s at and
neer the inside of the 1urn; the conductive arom may
be conaidercdtotorminate at the mid-section of the
wire. From this womowbat overaimplified analysle,
it is apparent that the largest wire without sube
otautial skin-oflect In o winding s 2.5 miliaches
thick, or AWG42, at one Megacycle,

Now, while it ix trne that such a small wire in
muee efficient for its wizethan o larger wire, it may
Al produce mach more renistance thun is tolers
able in the completed wimbing, T'o decrease the ree
nistanee, it is custommry to wne cabled wirs of a
nmber of fnsulated wtiamla of the denirable small
wizei thin iy commonly known an Litzendraht (or
Litg) due to the German wigin of the product, At
froquencies ubove whout threa Megacycles, the une
ol Pavaendeaht is inhibited by the tendency of cure
fnt o pans intermittenly wng the strands, theres
by ot making full utilization of the cable. Strumln
womewhat smudler than would Le adopted only from
abinselfect considerationa may yield w small wde
htional increase inQ becanne of a slight reduction
in distributed cupacitance attending its une, Furly
weape of very many steandn in very large coila uned
t Low radio frequencien dictated twinting of the
atramdn in a rope-like luy, 1o make bast use of cach
nttand, Present-duy coilw, uning u few strandw, at
medium frequencien, whow n aignificant inproves
ment resulting from npecial atrand  distribations

Nee Section 1, puge TV

‘ Anide lrnmp c“nn-'mlnmv. modified by skine
effect, the number und mize of atrands that may be
uned, where Litzendso bt in auitable, or the diameter
of molid wire, in other applications, depends upon
s balance between availab.e apace and distributed
capncitance. No generally-upplicable cutegorical
rulen can be laid down lur the nelection of wire,
letter guidance in pownible under a moce detailed
dinvunmion of each winding type. Inregard to adapt-
ability from a Q standpoint the application rangen,
w0 which the three major typen wre best avited, are
wammarized, in review, inthe table of Figure 1018,

laductance Rang,
Rinding Type Normal

Solenaid under 50
Progressive-univernal 50 to 200
Universal over 200

Figuwe 10:18, Kecommended uprratin

The effect of & ferramagnetic core upon w wind=
ing in to increane both the inductance, in uecord.
ance with its effective olectromagnetic permeabilie
ty, and the loss, due to e ddy currents and itw die-
lecirie lonn, us well un dielectric lora between
cobl and core. With proper unuge, inductance in
multiplied more than loan, yieldiag a net gain in Q
(See Section 3). Coils muy be nurounded by lerro-
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magnetic shells for oloctromagnetic »bir!.!inn:‘n
shell is usually w liner within an electromiatic
whield or can. The van in then electromagnetically
inoluted from the winding, thereby remaving it ine
duced loss to the extent that magnetic shiclding in
complete, The shell itmell will introduce Toww in
the name manner an doew o corey This Tonn ix often
maore thun compennated when both a coee wnd whell
are aned, u comman practices the reduced relucts
ance of the wore nrarly cloned magnetic caenit
effects a propoctionately Luger rise in inductunce
than in loss,

“Further increane in officiency may be powsible
by completion of the magaetic circuit through brid-
king members acren ane or both endn of the v
and shells Frequently, one of these membren in ine
tegral with the shell or hath shell und cores When
an electrontutic  whield in not electramgnetically
inolated fram w winding, o naterial effect upon
inductance in obaerved, To a fair approsimation,
aswuming end  wpucing equal at least lnwin:“vllg
dwameter, and lowsernintance  unity-permeability
whield material, Fquation 1 is useful.

)

Lyt shielded inductance

Lot unshiclded inductunce (sume unitw om 1)

E t winding outnide diameter .

S : shield innide diameter (same unitn an F)
The equation fails fue layercd windings more than
hall as lurge an their shiclds, ioadvisable in any
case, end for very lung «e very short windings.

) Frequency Runge (Mc}
Fxtended Normal Fatended

nnder 200 over 2 over 0.8
50 to 2000 05102 02102
uver 50 under 0.5 under 2

& range of basic typea of windings.

SOLENOID WINDING DESIGN

Solenoid winding constunts are camily com-
puted. Having delincated the permisnible outlioe
dimensiona, it is next in vrder to conmider the best
winding proportionw, Since diumeter in ununlly ?ba
limiting factor, it i convenient, first, to ontablish
a diameter and, then, to determine the most fuvor-
able length. At very low frequencics, nimple coa-
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ductive losn is preponderant; the {deal langth/dige
meter rutio, producing most Imluctance for the least
renlntance of wire, in 0.406/1, In radio-frequency
norvice, where other lomnew amwume greater ime
poctance with increuning fraquency, o larger ratio
crenten w more favoruble halance, For all normal
radio-froquency applicationn of nolenoidal windings,
eoughly 1/Vinentirely sutinfartory, except when re-
duced longth is dictated by the proxiniity of othee
windings o of u shicld,

Once the dimensionn have hren established,
it in posnible to compute the number of turns res
quired 1o produce the desared inductance, Over a
wide range of length/linmeter (ation, for windingn
of more than about seven twun, the solution can
be obtained with good nceurar y by Equation 2. For
cqual length unddiameter, the simpler form of Equa-
tion 3 applies; Equation 4 cuvers the case of the

0.406/1

am 1L
N [ -- -
n

number of turns
inductance (microhonelew)

D: winding innide diameter (form 0.4 -
inchea)

Wi winding length between wirn-centers
(name nnita us D)

Corrections  should bo wpplied, as required, for
shielding, the effective permealiility of cores and/
oe ahella, und for paranitic Inluctances externnl
10 the winding if they are of nignificant magnitude,
U, for any reason, the firnt temult s in error, cor-
roction is made eanily by alieration of the number
of turns in propostion to the wyuare root of the re-
quired ratio of inductance wdjusiment, in the sume
winding length,

The most favorable wiie alze s smaller than
the space alloted pes turn In-the winding length,
roughly according to the empirical relation given
by Equation 5.

1014

: nominal wire Humeter
: Jead-per-twrn (nume units as d)
: winding innlde diemeter (form a.d.)
: winding length between wire centers
(sume unitn un D)

Fi frequency (Megncyclen)

For use over u hand of frequencies, the fre-
quency where Q contral in of greatest impoctance
nhould be used; otherwine, the geometric mean fre-
quency i a good choive, The theoretically bent
wire diameter muxt be rounded off to the neurent
wvailable size inthe American Wire Gage standurds
tuble. Care must be taken that the maximum tolor-
able diameter over inaulatio
allowance for the helical w

if any, plus o small
<, say two
percent, doen not excerd the met lead-per-turn,
The ckeice of wire inwulating material, if uned,
may depend upon allowable capacitance between
muperimposed or interwound windings, potentinl con-
nulemlmns, and climatic requirements. In a few
icns, ununlly radio-frequency chokes for
h:uh»cumm circuitn, direct-current resistance and
cwrrent-carrying capacity may assume importance.
Depurtures from optimum winding dimensions and
wire wize may be noconanry to meet such an over
riding requirement, Litzendraht is not of value at
frequencies where volenoids are usefal,

Due tothe many facioea involved, only the most
general estimate of () in possible. A formula, ace
cwate to perhapa 2%, ia given by Fquation 6,
The wimpler form of Equation 7 covers the case of
equal length und diameter,

. J00DW N E
e noeow

Q- 1 \[l'-

: figure-of-merit (1 1./R)
: winding innide dinmeter (inches)
: winding length Letween wirecentars
(inches)
frequency (Megucycles)
A final consideration in the completed winding
dosign may be the neceanity to adjust the turns to
a pasticular fructionul tum differonce betwoen wtart

e ——— e v——r -

and finish, to fit a form configuration or terminal
artangement.

The order of the distributed tnpuumme of u
winding is ofinterent, An icn
validfor windings of equal length and diameter and
not wreatly affected by wire wize, in cxpressed by
Fquation 8, when adjacent dielectricis essentinlly
air,

C =120 (8)

C: distributed copucitance (micromicrofarads)

D: winding inside dinmeter (inches
The numerical factor increwsen to about 1.4 for
length/dinmeter ratios of 0.4 and 2.3, Wiring, ter-
minal, and other stray capacitances, as well un
whiclding and the presence of impregnants and coote
ingn, will add subatantiully tothe cupacitance; coil
gronnling will roughly double it.

The caleulation of winding machine gearing de-
pendn, of course, upon the type of machine used. In
a worm-drive machiae, the ratio of the rotational
apeedn of the spindle andthe worm-shaft is exprenn-

el by Equation 9.
b (9)
A w

: spindle rotational speed
: worm-shaft rotatioual apeed
(same units as a)
»: winding lead-per-turn
wi worm lead-per-turn
Foe rack.drive machines usiag the conventional
Vh-tooth, 8-pitch pinion and 1/100 reduction be-
twaen the auxiliary and pinion shafts, the spindle
to auxiliary shaft epe=d ratio in as shown by equa-
tion 10,

"
0.010472 10)

: spindle rotational speed
wuxiliary shaft rotational apeed
(mame uaits as &)

+ winding lead-per-turn (lnd\e-)

Natio calculation for cam-drive machines in
baned from the rate of cam rine, Although the com
pleu rotation of @ cam cannt be utilized for wind.

a portion being set amide for the return stroke,
it in 8 convenient conceptiorate cams in projected
rine por 360°, The return ntroke may consume thire
ty o more degreen deponding upon machine speed,
total cam rise, and the number of wound turns,

i R B b e o D VTR Kot

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

WINDINGS - EQUIPMENT AND TECHNIQUES

Fquation 11 is applicable,

Lo

W (R1)
a: spindle rotutional npeed
b: uuxi linry shaft rtational speed (same wnitn an o)
a: winding lead-per-turn
£t cam rise per 360% (e units an s)
Pt auxilinry whaft 1o cameshaft reduction
(usually 1/100)

Havieg determined the cequiced speed ratia, it
in necessary to convert thin into o fraction whane
numerator and denominator are both numerically
erquul to the tooth nudera of available gears which
can be made to menh when placed upon their re
wpective shafts. The simple inverse relution in
giver by Fquation 12, Natwally, simple genring
unalfected by the inclumion of simple idler gearn in
the truin. If compound geniog is uned, the mimpla
fenction expressing the tequired ratio in factored
into two component fratiuns, preferably of come
parnble  abwolute valur, ecach of which munt he
sated in numbers conraponding to peacticul geurs.
Fquation 13 states thin simple relaticn,

“2)

[RED]

: apindle rotational npeed
auxiliary shalt rotutional speed
auxiliary shalt gear (teeth)
apindle gear (1eeth)
gear of compound art meshing with
spindle gear (terth)

: gear of compound wet meshing with
auxiliary shaft gear (teeth)

Frequently, it will not be possible to precings
ly lit actual gears to the needed ratio; the hewt
practical compromine shouldbe made. Compounding
greatly improves the likelihood of obtaining very
clone fit. It will be quite apparent that the primess
like procedure, vutlined ubove, can be reduced to &
nimple slide-ruie ur mental withmetic operation,
once the principlen have beca understood, One
wdded consideration, pes ulinrto cam-dri hi
In that the chosen gearing must be capable of pro~
ducing an integral nundier of turne in a projected
complete cam rotution, corresponding to one com-
plete cycle of winding wnd return; otherwine, the
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spindla (and mandrel) will not return to the same
angalur punithon for succesnive winding stacts,
uw in frequently necenary,

Inthe npeslal cane of variuble piteh solenoida,
worth=while analysis of general charucteristics is
impuwnibile, The relation between instuntuncous
piteh andindu tance alape in suncoptible of mathe
makicul eatment but this is tedions and not of gen-
eeal intorest, It can be generalizad that, in a vari-
able-piteh winding, the inductance will be higher
and the Q will be lower than in a0 voustant-pitch
winding of cqual turns and dimenidonn, In respect
1o winding me hine gearing, the wethod used for the
cn o machne windiag of nimple wolenoids is
applicable, vk ing into account the variable rise of
the apecially-contoured cam,

UNIVERSAL WINDING DESIGN

In an alrvcored multi-layer winding, the most
inductance fue w piven wire remintunce in produced
when the length und height are both equal to 0.495
times the {unide diumeter; for all practical pur-
poacn, thin miy be taken us one-hall, Theae pro-
portionn huld true for o univernul whading ut very
low frequencion (under approximately 100 ke). At
higher frequencion (above 100 ke) where losses
otherthan conductive must be dealt with, reduction
of Yength can inprove O subntantinlly, A rough
guide 1o the determination of optimal length is
given by Fquation 14, the height remaining one-
bulf the inaide diameter,

W J"—m (1)

winding length between wire-centers
witnling height (same unite an W)
frequency (Megacyclen)

The winding inside diameter whauldbe, us near-
By wn pomnible, onc-half the outwide diameter of
the coil pormitied by shiclding and other apace con-
siderntions, ‘The important operating frequency o
the goumatrle mean of the frequency range should
be connldnred,

When w winding in sectionalieed, an overall
wquure ctowmenection, with hoight again one-hall
the inalde dinniter, in satisfuctory, The length of
each woction la then shown by Equation 15, A non-
critical 1/16" Interface spacing in customary.

€15)

winding section length hetween
wiresconters

winding height (same unitn aa V)
tnteefuce wpucing (auine nnits as V)
nunber of aectionn

[ the use of a ferromagnetic core is contems
plated, weight must be given to the importance of
winding all turns us closely an possible to the
core for itw best utilization, i.e.: highest effece
tive permenbility, without too much departure from
the limeasionn dictated by other conniderations
(See Section 3). Accordingly, a shortened winding
in ot Indicateds equal leagth and height, each not
greater than half the inside diameter, produce bewt
rewults in most cases, After a first estimate of di-
mensionn has been made, modification may be nec
ennnry to nuit available coil-formw and, when used,
ferromnguetic cores, Additionally, since shuttles
caun we wnuully available in fixed nteps, devias
tion from the ideal leagth may be required.

When the projected winding dimensions have
been eutablished, the number of turas can be com-
puted by the use of Equation 16, For the pref
1 ratlo of height to dismeter, Fquation 17 app
1t the length is also one-hall the diameter, the
simple form of Equation 18 may be used.

n {01550 vt vagw) 1,
D+

e vom T
N - 21D 20 L

number of turns
windicg inside diumeter (form o.d.-inches)
winding height (snme units
winding length (between wire—centers;
wame units as D)

4 inductance (microhenrien)

Account should be taken of shields, cores, shells,
and other external influencen upon inductance.Sees
ondury corrections can be made, over a moderate
tange, by changing the numbsr of turns in pros
portion 10 the square root of inductance change,
il the length remains unaltered. It ls difficult to
lay down rules for the seloction of wire. The largs
ont uominal wire diameter, over insulation, that
can bo fitted into the calculuied winding cronse
section in shown closely by Fquation 19,

I}
d=09 &
d: nominal wire diameter
H: winding hoight (same units an d)
®: winding length (between wire-centers;

same units as d)
N: number of turns,

It does not follow that the largeat wire for which
spuce exista in Lent, as would be true ut low fre-
quencies, Frequently, better Q can be obtuined
with a amaller wire, in a shorter winding, or with
comparatively thick insulation for which room must
be made at the expense of conductor mize.

Litzendrabt in well adapted to most applica-
tions of univernal windings. Where itn une is justi-
fied, a cable of uppropeiate size, contuining the
least number of lurgest strands that will give the
desired Q, whiuld be chosen, The cont of a many-
stranded cuble of fine wire may be much greater
thar that of one- with fewer strandn of somewhat
lurger wire, The smallest strand that may be use-
ful is related to frequency, as previously shown in
the discusnion of skin-effect. The mecondary bases
influencing the choi insuluting material and

20 have been mentioned in the considera-
tion of solenoid windings.

The distributed capacitance of universal wind-
ings cannotbe calculated with any accuracy; it can
merely be atated that the capacitance varies with
winding dinmeter and with winding length, Height
is a small factor exceptin windingw with very few,
three of lean, layers, where capacitance is apt to

i such windings are not recommended.

Since the universal winding hus three-dimen-
sional form, its analysis and design constitute pro-
blems in wolid geometry. Separation of the axial
and radial elements makes possible the evolution
and application of simple working rules. OF first

p s appraisal of the perminnible angu-
lar lay of the wire referred 1o a line perpendicular
to the winding axis. The maximum-usable angle
isprincipally dictated by the frictional coefficients
i in the first layer, the coelficient be-
tween the wirs und the form or other bane and, in
aucceeding luyers, the seif-coeflicient of the wire
is involved, Arbitrory angular limits based upon
group classilicution of materials huve been s,
factorily confirmed in praciice. The minimum
luwable angle in governed by the tendency of tarns
in upper Inyers to wedge between turna in lower
layers spreading and ultimately dinruptingthe wind-
ing and by the loss of mutual support among turns
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expecied of the binding action characteristic of the
interlaced pattern. The ansignment of minimum
limita in empirically based from observation of the
effect of the angle upon the excellence of winding,

A plane projection of an individual turn shows
that the winding angle in the inverse tangent of the
ratio of the shuttle-camthrowto the circumferentinl
length of one crossover (Figure 10-19), Ifthe cir-

/1

]

J.L

Figure 10-19. Plane projection of an individual turn

winding angle =
tarrd of /1D

cumlerence (or diameter) ut wny layer and the cam
throw are known, or postulated, the number of cross-
overs per turn for any angle can then be calculat-
ed. Since the basic design requirement, as to the
number of crossovers, is to find a configuration
which will have started to wind well atthe start,
o innide Jiameter, and which will not yet wind
badly at the finish, or outnide diumeter, it can be
scon that the greaiest number of crossovers at the
stant (maximum winding angle) and the least number
of crounovers atthe finish (minimum winding angle)
should be evaluated and vet as limiting conditions,
A little reflection will reveal that the process can
olaobe reversed.For a given numberof crossovers-
per-turn, the smallest and largest diameters for
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atinfactory winding can be entublished, As u co-
rollary, the aaximum winding height upon a given
form Hameter cun be determined, Likewine, if the
mavimum number of starting Conmovers is smaller
than the minimum aumber of finishing cronsovers,
the wolution is uatennble; the ratio of diameters
excembn that which can Lo wound within the specie
fied angular limita,

When the computed nuuber of starting cooens
et i greater than four, asecondary adjuntient
pst b mades The aeed for this can be andeestond
fran the following analyni
ol wire in grasped in both ha
cyhmbical purface Goeat coil-fonm), Assume  furt
Wt wlight pulling forces e applied by the hunds
alung parallel o convergent lnero 1 the wire
e eybinder's murface oppenite the Tocation of the

Vnname that a length
1o and looped over u

Dandn in now arranged by an ansistant in a manoee
mimilar to one cycle of two vroasovers in a winl
Jn, between the points of tangency, the frictional
coeflivient between the wire and the cylinder will
remintthe pulling forces tending to realign the wire
in w straight tine, I the ceonnover angle is not ex-
connive und the upplied furcen are nominal, the
renintar ¢ will be succeanful. Now assume that
the hands are spread progrewnively apurt so that
e applied in increasingly divergent
linen, The frictionul resistance in the manipulat-
ed part of the wire will become progressively lenn
elfective until, at 180° divergence, it is completes

the forces

Winding
Angle
(*)

Application

ly ineffective.

Since the borderline beyond which divergence
of forces takes place in ot two crossovers in vnes
half the circumference, it in plain that  windings
with more thun four crowsovers per turn are wub-
jected to divergent application of the tensional
forcen exerted in the wire, To relieve the increans
e possiblity of slippage anchecked by friction,
it iy, therefore n
allowable winding an
imum number of Cromnovers

enmary to reduce the mavimum
Jde and, accordingly, the mav-
ince the winding ungle
diminishes as the winding layers outward, the ad-
justment need only he made utthe start ofthe wind-
ing.

The applications of nelected winding anglen
frictional
wlippage, with roughly corresponding  waterial
groups, are shown in the tuble of Figure 10:20,
The numbers of cronsovers coinciding with thene
angles, expressed in terms of diumeter und shuttle-
cam throw, are given in the table of Figure 10-21,
It should be remarked thut, in a properly-foe
winding, the length between wire centers iy evart
ly cqual tothe throw: the wymbol T is wed instead
of W for the sake of cluity. Corrections upplicable
1o solutions giving more than four crossovers are
tubutated in the table of Figure 10-22. The relution
betweenthe corrected number of crossovers and the
diameter/throw ratio in graphically depictedin
gure 10-23,

and  minimum self-coelficients for no

Minimum Material Groupn
Sliplean

Coeificient

ubwolute minimu; requircs care in handling - -

recommended minimum; generally matinfactoey -

Jewirable minimun; excellent winding quality - -

desirable mavimum; suited 20 a1l materials

recommendedd

abwolute pas imum; requires care in ha

aximum; absolute for 0,16

resinoun
coutingn
nynthetic
fibern
natural
fibers

Figure 10-20. Recommended winding angles.

Winding
Angle
©)

D: winding dinmeter
T: shuttle-cam throw
(sume units an D)

Figure 10-21

Crosnovers-per-turn

Precine

0.275 /1
0.330 DT
0.386 /T
0.408 D/ T
668 N/T
0812 0,7

cam throw,

Ap-toximate

ERA Y
b/
sb/3r

0/

Croanovern-per-turn

Preliminary

4.00
5.26
[X:<}
8.95
1.3
14.00
17.01
20.35
24.00
27.97
32.26
36.88

Figure 10-22. C.

Corrected

4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00

T

Winding angle vs. crossovers me
pressed in terms of diameter

and

WINDINGS -~ EQUIPMENT AND TECHNIQUES

Tt willbe appurent that moce than fifteen er
overs-per-turn cannot be used in any normal winde
ing. The cumputed number of crosnovers will usue
ally turn out 10 be a complex mixed number, A com-
plex aumber of crosnovers will crenie  confuned
puttern tending to interfere with oederly luy of the
wire. Acconrlingly, the neat step to be taken in
rationulization of the number of crossovers to the
nearest integer o mimple fraction lying within the
caleulsted allowable range.

In windinge of molerate height, more than one
choice may exist; the number nearent to the arithe
matic mean of the culeuluted extremen in preferred.
Inthe ideal cane, electrically, of a ' rotio botween
height and innide dinmeter, making the outwide
dinmeter twice the jnnide, the obvioun choice in
the 6-12° angulur winding range which, fortun,
ly, coinciden with the recommended maxima
nominal aumber of cronnovers should be melected
from the table of Figure 10-24,

Nominal cronmovers: 2/5, 1/2, 2/3,
(1,4/3,2,3,4,6,8)10,12, 14,

Figure 10.24, Nowiinal Crossovera,

Numbers within the parenthenea will take care
of the requiremensn for all properly proportioned
windings. Were a winding to be attempted with a
nominal aumber of cronsovers, the repeated ¢y lic
excursior of the wire would simply lay turna one
on top of anather inntend of developing layers of
adjacent turns, It in necessary to add an incre-
ment tothe nominal number, in order to form o layer
pettera. The increment, which may be of eithar
s a function of the intra-layer wire spacing,
which is somcwhaut greater than the wire dinmeter.

The magnitude of the increase takea into mc-
count such matters asthe effect of the helical wind-
ing angle upon the axial space occupicd by the
wire, depurture from instantancous return at the
ends of the shuttlescam throw, deformation of the
wize at the crossover junction points, and the fore
mation of radii ut the junctions due to limited duc-
tility of the wire. The increane that has been found
necessary in practice is meven percent plus 0.6
milinch, Since virtually all universal winding ma-
chinea utilize aimple, one-cycle camu and atraight-
forward transmission from spindle to cam-shalt.
shuttle-can gearing in independent of machioe con-
struction. Oae exception will be alluded 10 at the

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

lusion of the discusaion of gearing.




Declassified in Pal anitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-

ORIGINAL

POOR

-

WINDINGS - EQUIPHMENT AND TECHNIQUES
Part 11, DESIGN METHODS

Having tentatively adopted u set of winding
dimensions, wire size, und u number of crossovers,
the first step in gearing computation in to weight
the wire size with the spucing factor, by Fquation
20,

e = 1.07h +0.0006"

ei weighted wire dinmeter (inches)

bt marimum specified wire diameter (inchen)

(20)

Neat, it iy aecensary to determine the nominal
number of turns-per-layer, using
me U
.
wi nominal tureseper-layer
Ui compensated shuttleecam throw
ei weighted wire diameter
The compeusation of the whuttle cam throw con-
wintw of an allowance of 0,003 " negutive tolerance,
ivet U T = 0,005", T heing the nomina® throw,
A winding with an integral numler of turns-per-
layer may tend to wind poorly because the crome
over junctions lie directly one above nother; wire
deforniation can cause wome polygonal distortion
ofthe normally round winding outline, A mixed num-
ber of whichthe fractional componentis % or % peo-
Aucen u muperior winding, Fquation 22 indicates the
desiruble adjustment.
(22)
t = m reduced to next lawer number haviog
form, n +4
t: actual turns-per-layer
m: nominal turns-per-luyer
nt uny old number

Now, inasmiuch as cach wpindle rotation pro-
duces two crossavers, the numinal rutio of spindle
and cainwhalt speeds in cquivalent simply to one-
half of the number of cronsovers. Tothis ratio must
be whded an increment whose value depends upon
the number of turns-per-layer and the number of
turns by which adjucent turns in the layer ure re-
moved; the latter number in conveniently found by
taking the denominator of the mimplest fraction by
which onc-halfthe number of crossovers can be ex-
pressed. Equation 23 is uned to deteemine the actu-
al shalt wpeed relation.

b.eyl
a 2 2w

vi denominator of nimplest fractional
equivaleat of ¢/2

The simplified step-by-ntep procedure, autlined

above, mav be connalidated when an understanding

of the entering factors has been gained. The coms

putation cun then be undertuken by means of come
ponite Equation 24,

e 4 (0.535h_+0,0003 ")

kN 0
2 v (T = 0.,005")

spindle rotutional xpeed

cam-shuft rotational speed

crossovers-per-turn

maximum wire dinmeter (inches)

denominutor of nimplest fractional

equivalent of ¢/2

shuttle-cam throw (inches)

In orderto comply with the desirable conditinn that
the number of turnx-per-layer should be one-half
wore than a whole number, the incremental part of
Fquation 24, with the factor v omitted, should be
reducible to a fraction whone numerator is two and
whose denominator in any odd number,

The selection of gears is made according to
Fquation 12 or 13, Compound gearing in not als
ways provided for in universal winding machinen,
In one type,a unique incremental movement in uned
aw a substitute; the inntructions of the munufacturer
should be followed.

The choice of nign, on of the ine
cremental teem of Fquation 2%, is not of fient im-
portunce. Tt will be observed that, when the wind-
ing angle is lurge, particulurly near the finish, o
negative increment will tend to produce u better
winding; the converse in true when the angle in
wmall, the more unual cane. Forsectionalized winde
ings, o negative increment is preferable, giving
needed support to the wire us it leaves the top of
one nection to renume winding ut the bane of the
neat nection; for Lest results, therefore, the wid-
ext pructicable angle whould be used in nectional
windings.

Windings peoduved by gearing baned upon po-
witive incrementation are frequently called retrim
grennive windings, mince each turn appears to full
behind the previous adjucent turn in the patiern,
For the analogoun reenon, windings renulting from

spindle rotational apeed

: cam-shaft rotational npecd
crossovers-per-turn
turns-per-layer

the use of u negative increment are known an pro-
grennive; this use of the word should not be confuned
with its meuning in reap
sul windings.

SRR e R R e et St D
Fig, 1023 Polation betvacn dismoter/throw apd
corvusied Brlor of CroosOVArde

L) L L

0 pivpeunivesunivers

s e e
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1t ia sumetimes thought that abnormally wide
turn wpacing, relutive to wire wize, can be used to
reduce dintributed capacitance, thereby increaning
Q, in n long winding, Thin practice is not sound; a
Toowe, spongy structure, which in hurd to reproduce,
in the renult, Q improvement in illunory, since turas
tendtofoll into the large intersticen of the winding,
promoting proximity between turnn in normally re-
mote layern, A correct solution, when fewer turns-
pee-layer are indicated, is simply to use a shorter
winding, A physically unsound winding would be
unjustilicd, even if electricul peclormance were
improved, Clear indications of a wuccesaful wind-
ing denipn are good self-supporting ability, clean
rectangular outline, und well defined patterns at
the wurfave and in the side-wallu,

Since every change in winding and wire dimen-
mionn may uffectthe choice of the number of cross-
overn and is wure to alter the gearing, scveral re-
visions of the first computationa may be necessary.
Thinin wt 1 be ivgeided as unindication of basic
fullacy o an an unreasonable hurden; it is merely
the nornal course of dewign necessitated by the
many cuntrolling requirements to be satiafied or
compromiwed.  Skill arising from experience and
the accumulation of data from recuring similar
tankn will enable rapid and sound judgements to be
made by mimple interpolationn. The acricus de-
aigner will prepare for himsell hin own pragmatical
working rules as he progremsen, thereby greatly
reducing the labor involved in universal winding
denign ne well as in other phunen of coil engineer
ings

PROGRESSIVE-UNIVERSAL WINDING DESIGN

In itn usual applications, the most favorable
length/ diameter ratio for the progressive-univer-
sal winding is, as for solenoida, nearly 1/1. The
inside dinmeter is set 8o thutthe outside diameter,
innide diameter plustwice the winding height; does
not exceel the usual restrictions. The height can-
not be mure than about one-half the shuttle-cam
throw; otherwine . the tendency lor wire slippage to-
ward the bane bi:comes uncontrollable. The shuttle-
cam thtow should be no greater than necessary to
support the required height.

“The limited height dictates the number of ef-
fective layers that can be wound, as a function of
wire wise, The number of turnm required is obiain
whle by Fquation 25 with good ac Equation
26 ylolla a fair approximation. Foe typical pro-
portions in which length equals diameter, shuttle-
cam throw in onc-fifth the diameter, and height is

10-22

oneshulf the shuttleecam throw, the simple form of
Fquation 27 may be uned; for other proportiona,

the accuracy is poor, (2%)

.\‘-l(l) N (—1—3

Y

vl

+ numler of turne
inductance (microhenrion)
winding inside dinmoter (form o.d. - inchen)
: winding height (same units as D)
i winding leagth (name unite as D)
‘It shuttle-cam throw (samo units as D)

The effects of other components, such as
shiolds, ferromagretic cuorew, and shells, should
be taken into consideration, Since the height/dia-
ineter atio is always amall, the presence of a core
Jdoes not noticeably influence the winding shaps.
From a fisst estimate of turns, corrections can he
made by alteration proportionate to the square root
of the required inductance change, provided length
remaine constant. A Lawis for wire choice is hard
to find, as in the case of universal windings, but
somewhat greater Rexibility exiata, If larger wire
I» nceded than was first thought, the increased
height, as sach, doea not represent a serious probe
lem, llowever, a greater ahuttle-cam throw may be
tequired, introducing higher distributed capacitance
und dielectric lons, eventunlly nullifying the ree
duced conductive loan of the larger wire,

The diatributed capacitance of a well-propore
tioned winding made with minimum throw is very
roughly that of a similar-sized solencid timon the
number of effective laycra; number may be de
fined as the winding height divided by the nominal
wire diameter, mcasured over insulation.

The use of Litzendeaht in advisable in all typle
cul progressive-universal winding applicati
Innulation and wire-alze requirements for reanone
other than high Q will occasionally enter, an for
nolenoids. As a reault of the composite movement
of the wire in the fremution of = progressive-unle
vetsal windiag, it travels up and down in an incliee
ol plune in alternate excuraions. This makes supe
poet sauch more difficult 1 obtain and, accordingly,

L

slippuge moee likely, The choice of winding ungle
is, therefore considerably restrictedi the desirable
maximum wngle, 9° (See Figure 10-20), should
not be exceeded und a minimum of 6% should pree
ferubly be maintained, Since thin permits a heights
diumeter ratio of 4, it imposen no great hurdship.
Other conniderations leading to the afoption of u
sutisfuctory nunber of crossoverns pet-tura wre much
like thowe applying to universal windings.

Foe the ¢omputation of gearing, universal winds
ing procedure in cmployed, with one exception. On
one e the uther excursion of the wire, depending
upon pattern progression of relrogiensionthe lead-
per-turn oppeses the wire spacing provided by the
incrcmental expression in Equation 21, The nurber
of crosnovern has no bearing on this luss of space.
A compennating term, oot divided by the fuctor v
is added in compensation. The modified formulu-
tion in given by Equation 28,

")'v * 0.58
T=0.006"
: wpindle rotational speed
+ camewhaft rotational apeed
cronnovers-per-turn
maximum wire diameter (inchew)
denaminator of simplent fractional
equivalent of ¢/2
T. shuttleecam throw (inchen)
wt lead per turn (inches)

Adherence to o aumber of turnn-per-layer equal
to an integer plus ' or % is nol important, since
crosmover junctions are continunlly hifting axie
ally. Shuttle-gear selection in exactly the same an
for univernal windings and the wansverse move-
ment gearing is calculated, uccording to lead-per-
turn, wn foe a wolenoid muchine employing the same
sort of mechanism. Variablespitch  progreasives
univernal windings are paradoxicas iu that proper
compennation of the shuttle gearing foe axinl trave
el in imponnible. Since the moxt criticid portion of
the winding in in its greatest height, where the
lead-per-turn has the leacr apreading effect, gear-
ing should be computed for thin region and, if ne-
cennary, wlightly modified in a loonening direction
to better uccomodate the bulunie of the winding.
TYPICAL DESIGN EXAMPLES
Example A

Required, a 4.2 microhenry inductor to operute
at 10 megucycles, wound on a % inch #izmeter
forma The wiring inductance ix 1 microhenry.
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Stepe

ac selection of winding type; solenoid indicats
ed both by inductance and frequency (See Figure
1018

b setting of dimeavionss winding inside dias
meter equals form diameter; in absence of restrics
trens, tength set equal to diameter %",

o0 allowance made for wiring inductance;

82 =00 =11
Ao computation of turnn; by Fyuation 3,
Vangs,1)
075 = 178 s

e computation of leadspersturn; length divided
by twrns, 0,757 17,8 2 0,0421"

fo computation of wire diameter, by Equati

R

£e aclection of wir

m wire table fape
pemlink 0,0267” « AR -

00253
b estimate of s by Iqu
(100)0.75V70 = 217
I estimate of distrihuted capacitance; by
Fauation 8, doubled for grounding,
200.75)2 % L8l

o computation of shaft spreds, using racks
drive mackine, by Fquation 10

_awithiary shaft speed 00821
Tndle speed S 0loioer2 T 40202

ke selection of gears; with 20 to 120 touth
kears available and no compounding, by Equatum
12, wih aid of slide-rule or gear table,
_apundle gear
wasiliary shaft gear
Fumple R

Required, a 750 microhenry indurtor for opere
ation at 0,455 megacyeles with a Q of 60 in an
aluminum shield 1,250 snihes square insede and
Kaving a o156 inch corner tadi Coul form duamerer
o wvailable in steps of 1/ inch,

Stepa

wo oy 17
is 400027 55

a selection of winding tspe; universal inds
cated by hoth inductance and frequeney (See Figure
lo-14),

b setting of dimensina; by simple arithmenie,
equivalent round sheeld ku 1,506 inside diameter!
optimum outside wanding diameter'ic 1,506 /2
0,250 optimam innide winding diameter? ia

Vo Neo wticle, “Winding De
1 Bes mericte *“Univarsal Wi
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0.753"/2 % 0,376 % 3/8" (0.375"); height is
0.375%/2 % 0.187"; length (throw), by Equation 14,
rars

—e— e 0,062"
1 +V8(0.453)
¢. inductunce correction made for shield; by

Equation 1,
750 é

= 855 jA
- (%

d. computation of turns; by Equation 17,

[Treikoa7s)v(z0
- X }

= =234 turns

e. selectionof crossovers; by tables of Figures
10-20 and 10-21, inspection showa suitable max:

mum angle to be 12° and minimum angle to be 6%

from 12°, the crassovers per tum are

0.668(0,375) 0 (0.750,
06380170 . 5,08 max; from o, “1TLT0

3.99 min; mean is $.01% 4

[ estimate of wire diameter; by Equation 19,

[BTTEDT 0,006

(note that 1.0, of winding is uaed WIN wesimum sngle -
O.D. of winding with minimem e

& selection of insulation; enameled, aingle
silk covered wire dictated by other considerations
such as availability, experience and cost.

A selection of wire site; from wire table,
0.0063" % AW 38 SSF = 0.0060" ; maximum dia-
meter is 0,0067",

iv weighting of wire diam~ter; by Fquaticn 20,

(0.0067" X 1,07) +0.0006" * 0,00777" +

Jo computation of nominal twns-per-layer; by

Equation 21,
0.062° ~ 0 005"
“ogorrr — " e

k. adjustment of turns-perlayer to integer plus
% or % Fquation 22; 7,25 ¢

L cumputation of shafe apeed ratio; by Equo-
tion 23, asauming retrogressive winding,
cam shaft speed, 4 1 L%

207.55)1 " 29

ion of gears; uurA 20 to 120 tooth
le and no by Equati

P 8

spindle gear
cam shaft gear "6
alternatively, combining stepa (i) to (m); by Equas
tion 24,
cam shaft speed

spindle speed

KN 10.0067") $0.0001 ]
7 1(0.062° - 0.005°)
then, selection of gearsy by f'q:mllon 12,

=2.06897

_spindle gear.

Cam shaft gear 14 206097 %

g
Conelusion

The Q of an experimental coil wound with the
calculuted gear ratio und tuns was found to be 58
ot 0.455 Mc. This waua connllered acceptablo for
the required Q of 60,

Hf the measwed Q had heen outside of the pras
scribed tolerance a recalculntion based upon the
following additional step would have beec. necons
sary,

For a high-Q case; of nay 75 {ntep n,

Consult “*Wir va Effective Q" charta
in Appendix; for hin particular case use A-22,
Thene curves are based upon various wire sizow
and cum throws all with S5 wire, Since there In
no curve for a cam throw ol \187 inches, it is nes
cesnury to interpolate botwean the 1/8” and 1/4*
cam curves. 38 SSE given a Q of 68, whereas 40
SSE would give about 55, (These curves cannot be
uned for exact numerical data but only to indicate
a trend, since they were not prepared to include
identical parameters wuch an coil form diameter
etc., usedinthin example), Uning the ratio of 68/55
we can expect the Q of 75 to be reduced to near
60 if No.40 SSE wire is wubntituted for the No.38
SSE, originally chosen,

For low-Q case, of suy 45 (step n, )t

Consult Figure 1-3, pnge 1-5, noting that Ne.3?
wire and 5/43 Litz have equivalent area In circus
Inr mila, Assuming they e merved with ailk in &
similur fashion it can Le expected that they will
wind zoils of approximately the same diametor,
unirg a given machine setloup,

Consult wize tably in Appeadix and note that
4 strands of No.44 have the same cross-sectionnl
nrea as one strand of No.38, Based vpon the
lative Qincreass shown in Figure 1-3, it is probe
able that the required Q ol 60 will be obtained.
(Since 4 strands of 44 Litz iv an uncommon »
it would be more practical to use 5 strands of “

und muke o eedetermination of the gear ratio to ac-
commodate & 44 Litz),

Variation of Shield Size:

1 wpnce pormitn, it is possible to increane the
Q of u shieled winding, to a certain extent, by in-
creasing the vrous wectional area of the whield,
Problem:

In thin cane determine to what extent the Q of
5, previowsly mentioned, can be made b approach
the required 60 Ly increasing the nise of the 1%~
square shield and what smaller shield is required to
deprens the ) of the winding having a Q of 75 to
the required 60,
Soluticn, lon () caes

Reference 1o Pigure 2-9, on page 13 of Section
2, indicaten that the loss of Q duv 1o the whield
decreanen an the shield size increanen, jie., the
distance from the center of the winhng to the
side of the ahield increases. Choone winding **A™
(curve A) wn hiring the nearest to the winding pre-
viously developed in this example. Then the dia-
tance betweenthe outside of the developed winding
and itx shinll |n

RIS

The curven of Figure 2-9 are plotted against,
center of winding to inside of shichl'’s To con-
vert the dintante between, ““outnide of winding to
inside of nhiell", to “center of wimling to inside
of shield”, It in necessary in thin partivular cuse
te add hall the dinmeter of coil * to the /32"
dimeasion calculated above, i.e., 8/327 +8/327 =

16,327
Now, using 16 32° as the atwrting point on
Curve A,we nee that the loss of Q in 3% from the
Q of the wame coil without a shield, Since com-
plete removal ol the shield would anly proluce a Q
of approxitmtely 18, [15/.943 « 4T.6) which is:
far below the required Q of 60, it in evident that

the only olution in to chunge the wire from solid
to Litz, un wan previously suggested,

Solusion, Nigh () case:
Required lone =69 (100) = 20%

Thin can be mttained if the dintunce between,
“center of winding to inside of shield"", in approx-
imately 12712 (curve A). Translating to, “‘out-
side of winding to inside of shield'* for this prob-
lem, wo wee that the distance betwern tie OD of
coil A and the nhield to produce u 20% |
i 12/32" = #/32" = 4/327. Adding thia
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to the Hameter of the winding developed in thin
example (20327 447327 20027, we see that
a ahield of 78 square would depenn the Q of
T3t the teguired 60,

I wan previously stated in thix section that
ook practive dictates w shiehl dinneter equal to
twive the winding diametees Depression of ) by
e done peoximity of the whield i not onty une
cconvmcal from a standpoiut of wire usage but
tende for Laek of uniformity due ta alight variations
in winding and shield dimensivnn, This practive,
even thouh workable, is not recommended

ez Bese examplen

v illustrate the application of systematic

lural  rules in a conmevative manner.
individual  designer will, in the conrse of t
refoemulate and simplify many of the steps in
accoedance with his abilities wnd his usual ape
proach to mathematical solutions,

MISCELLANEOUS INFORMATION

One of the n useful toals for coil winding
in  ~pring balance with about @ one pound range.
Thin van be used to meanute and regulate wire
teanion und button pressure in objective teems.
OF nome value in a stroboscope, with which it ix
pornille to detect mechanical renmmances in mus
chinen and the cause of flawn in windings. -

Solrnoids are sometimen wound with a wi
wpate injected into the winding nrar one ead; the
spinning of turns in thin area provides a simple
mennn of accurate inductance adjusiment. Special
mandiels with spring-loaded innertn are used for
thin purpone while, in cam=drive machines, un abe
rupt Licak in the cum contowr tan accomplish the
wunwe slincontinuity.

Tn metting the usual geared type of turns counter
Luch 10 sedo, it is best to turn the hands in w
counterclockwise direction, in order to take up
backlunh which can cause an ertoncous reading.

When wire kinks eanily e Aprings uncontrolla-
bly olf the spool during winding, revernal of the
npool inthe holder will unuully correct the trouble,

Inatead of paswing wire theaugh o liquid bath
by meann of guides, posnibly cauning work-harden-
ingy the Liquid may be applicd by means of o wick
kept natirated in the winding liquid,

Al wire shouldbe innpected for conformity with
publinhed standards. Wire which in outside specis
fied dinmetral tolerunce limitn or which in not pro.
perly covered or unneuled nay coune un otherwi
#ool winding to be condemned or un inferior wind.
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ing to appew acceptable, The tolerances on wire,
an well s on forms and other annombly members,
ahould be curelully considered when u winding
munt (it into w restricted space.

It in nometimen desired to entimate the quanti-
ty of wire unedin o winding. The quatity,in length,
im ennily olitained by Equutions 29 or 110, for solen-
oidw o univernal windings, reapectively, A reasons
ahle allownnce should be mude for wire used for
anchoringthe wtart during winding wnd for termina-
tions, The quantity can be converted to weight
through conmultation of wire tublem,

1 »0.265 (D +d)n (29)
18+ 0,265 (D + 1Dn (30)

B wire quantity (fcet)

i winding inside (form) dimmeter
(inches)

11: winding height (inchen)

& nominal wire diameter (inches)

nt number of turns

NOTATION

Consintent notation has been used throughout
this chapter, However, due to the large number of
symbols required, no sttempt haw been made to
follow conventions used clsewhere, except for the
electrical aymhots of C, I, L, und Q. Other than
«, the tather pretentious use of Greek letters has
been avaided in consideration of thuse not acho-
lastically prepured to use them. Posaibly confusing
subncripts have nui Seen employed, For quick re-
ference, ull notation is recapitulated Lelow.

ndle rotational speed
lary, worm, or cam shaft rotational
apeed
croasovera-per-tarm
nominal wire diameter

© = welghted maximum wire diametor

{ = auxiliary, worm, or cam shalt gear

& = spindle gear

h = masimum wire diameter

i = Kear of compound aet meshing with

wpindle gear

L ~ genr of compound set meshing with

surillary, worm, or cam shalt gear

m= nominal turns-per-layer

n = any whole number

p = auxiliary shaft 1o cam or pinion shaft

reduction rutio

q = number of sections

£ ~ cam rise in 360°

» = leal-per-tura

t = uctual turna-per-layer

v = denominator of simplest fractional
equivalent of ¢/2

W= worm lead-per-turn

D= wio quantity

€« cupucitance

D~ winling innide diameter

E ~ winding outside diumeter

F = frequency

1= winding height

L.~ inductance

N~ number of turns

Q ~ figure-of-merit («l/R)

S« nhield inmide diameter

T~ nominal shuttle-cam throw

Vs compensated shuttle-cam throw

V.« winding section length

W = winding length

Whorever poasible, wnits of measuement have
not boen opecified; it is frequently coavenient,
for example, to operate with milinches, or thou
aandthe of an inch, instead of inches. No metric
dimenalons have been used. All equations are of
proven accuracy sufficient for use In practical coil
donigniig. Thooe who wish to Inguire further into
the more rigorous classical formulae from which
they are mainly derived, should refer to the biblio-

graphy, which follows.

WINDINGS - EQUIPKENT AND TECHNIQUES
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Soction 11

TYPES OF CONSTRUCTION

Heduced to
wency transformer need consist merely of o tapped
inductance in parallel with wufficient capacitance
to produce resonance at w desiced frequency. Under

ite winplent state, a high ireqe

certain circumstunces thin cupne ce may come
eatirely from tubes or circuit strays, leaving the
tepped inductance, a meann of mounting, and pros
vinina far threc connectionn as the onl
entn of the transformer — uns:
and unshielded.

Between this simplert of Lassformers and the
complex, temperature-compensated, doublesor triple
“tuned,  high-Q unita uned in certain equipmentn
wre to be found examplen of many fundumental
typen of construction. Among these may be listed
the putented constructions whichrepresent the idenn
of w particular individual or of & company. Alwa to
be noted are those banic dewigns which have been

compons
ming it to be untuned

in common use for yearn und which with slight
modifications make up the bulk of the high freqs
uency transformers being produced today. Any
clawnification of transformer types must include
whiclded and unshielded, tuned and untuned, air
core, iron core, cup core, lixed capacitunce, varis
able capacitance, and bun<bat construction, as well
an the variouz pateatzd structures,

For the most part, radio frequency transformers
are of the shielded varicty, While there are excepe
tiona, particularly in the cnne of untuned or aingles
tuned types, ncarly all donble-tuned transformers
are enclosed in shield cans, the physical mize of
which have a pronounced influence not only  upon
the mechanical construction but also upon the elece
trical parameters of the unita which are encloned
within the cans.

By far the majority of high frequency transforme
et have atleast one windiug capable of being tuned,
The most commonly uned varicties have two winds
ingn which are tuncd. The tuning range will vary

somewhat with the npecific needs of vack individ-
ual design, but in mont caxes provision must he
included for varying feequency at Teant 10 per cent
from the deaign centor,
Since the remmant frequency of u tanalormer
ix u function of the product of the inductance and
the capncitance {cammonly called the 1 ratio),
it follows that tuning may be accomplinhed by
citunce, or both,
able, it becomen
es of trannlurmers
= p-tunad (yurinble
which are trimmertuned

\ ke inductance, the cap
Since normally only 1, or C are v
possible to divide wll common ty
intn thoer whivk aen |
inductance) and thone
(variable capucitance),

TRIMMER-TUNED I'RANSFORMERS

For many years, trinmer-tuned i-f'n made up
the bulk of production of this general type of high
frequency trannformer, Fig, 11-1 showa n popular
version of this denign, The tuning capacitances
were provided by o dunl mica tzimmer of the type
shown in the illustration. The base (1) wan unually
made of ceramic (Ntratite), although some munue
facturers did at timen use plastics of both thermos
netting and thermoplastic  types. Thin paticular
purt was dewigned in wuch a way that it not only
provided the buwe upon which to build the capae
citors but in additinn careied two bosaea (2) which
nerved to locate the nasembly within the whield
cans and another busa (7) over which could be
fitted the coil formm, The cupacitor elementn were
mude up of interlenving plates (3) of metal beiween
which were piecan of plain mica. Position ol the
plates was contralled by the screw (3) which was
insulated from the platen by ceramic or mica wanhe
crs (4), Tightening the werews woulid helng the
plates into cluner proximity, thereby incrraning
the capacitance of the trimmer,

Several varintions of thin trimmer have appears
ed at one time or ather, The size of the bane has

n-l

VAR A A
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Fig. 11-1 Trimmer Tuned i

gt @ g

ranged betwesn 3/4 inch square und 2 1/2 inchen
square, The number of pluten haw varied from 2 1o
as many an 10 or more. Sinee large numbers of
plates complicuted the annenbly and often wde
versely wllected the temperature wtability of the
capaeitor, wome manufacturers would build up part
of w large copacitance value out of silvered m
piecen und then finish the wtack in the convens
tional munner, Thin made a enpacitor element have
ing a certam fived capacitance in parullel with an
adjustuble capacitance o value sufficiently
Lurge to permit tuning over the deniced frequency
range.

Among the many modifications of this basic
design wan that which has a theeaded stud extends
ing upwards from the surface of the capacitor base
by which the eutire ussembly conld he firmly attache
ed to the whicld can. Those unitn denigned 1o opere
ate in the diade stage often woulid have the trimmer
capucitors designed with the diode filter capacitors
built in an meparate fixed wection of one side of
the tuning capucitor, thus reducing the number of

d o complete the circuit,

DESIGN LIMITATIONS

Certain banic faults  were inherent with thin
type of conntruction. The capacitor was an open
type which could not be wealed against the en-
trance of mointure, Silicone pplied to the bune,
platew, and mica improved the mointure resistance
although nothing could rerder thin type of capacitor
immune agninst the cffectn of moisture, Lack of
temperuture ntubility was  perintent problem that
wun only pactially wolved by careful selection of
plate material, dewign of platen, and cycling (heat
treating) of the ansembled cupucitors, To the ubove
troublen can be added the fact that ussemblien of
this type wern unnecessarily expensive becaune
of tha lurge number of small, delicate parts which
were involved, It is little wonder, then, that the in-

TYPES OF CONSTRUCTION

haw been known for many years, It was, however,
not until the work of W, ), Polydoroff resulied in
the production  of Tuwshww, powderedsiron varen
that important usen for thin materinl develaped in
electronion, The sdaptation of powderedeiron coren
alfered a new and less conplicated method of tane
ing by varying the inductanee rather than the cape
acitwee, Tuning thus became u mattee of vary g
e ponition of & core within w winding = a process
cequiting only that 0 aerew be attached to the pawe
dered dron and that mome wort of threaded bushing
provide a drive for the worew, To be sure, certnin
disadvantages were appacent, For example, unlens
n dewigner was willing to accept the probleina that
come with sideby-side waunting of coupled imdute
ancen, taing could no longer conveniently be avs
conplished from one end of the assembly withow
reconrne to complicated,  concentricescrew, vnres
drive mechunisms,

“arly design of perneability-tuned tranaformern
were plagued by variations in the coefficient ol
conpling resulting from <langes in core poitionn
during tuning. However, when designees learned ta
take full ad of the bility of tored
iron, it was found pannible to run the coren at pone

itionn  within the windingn where tuning would
have litle effect upon coupling.

Oue definite advantage of permeatility=tunad
coiln appeared in the higher Q's obtainable with
nolid wires, thus  often making the ume of Lita
wiren unneceswary, and thereby opening a way to
wubatuntinl savings in ot with no loss in quality
of pertormance. The inctrane in inductance reaulte
ing from the presence ol the iron alao made amalior
coiln posnible with connequent savings in matetial,
winding time, and mpace, In fuct, it wan permens
bility tuning that actually opened the door to minis
wturization, because through the use of powdernil
iron not only within the cuils but also surrounding
them, itbecame posnible to duplicate in small npace

"

dustry wan quick to overlook the advant of
thin type of construction which included unifermity
of coupling = that is, no change in mutual inducte
ance due 1o tuning and the ability to tune both
primury anid wecondary circuitn fram ane end of the
assembly = and to embrace the wimpler and cheaper
type of construction made punnible by the intro.
duction of permeability tuning.

PERMEABILITY-TUNED TRANSFORMERS

As wus pointed out in Section 3, the idea of
using small particles of iron rathee than solid piecen
of mugnetic materials as cores within inductancen
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CUP-CORE DESIGNS

of canventional larger unita,

The powdered iron cantainers in which whole
windings could be encloned were called cup cores,
he big advantuge offered by these cup coren was
to be found in the fact that the outer shell of lron
provided a very matinfuctory magnetic shicld which
minimized the effect of cunventional shizld canm,
thus making high<Q, wmall traneformers a practical
reality,

‘The fact that the windings were completely ane
cloned within powdered lron greatly reduced the

1Ha
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magnetic fields surrounding the Inductances. Since
in moat canes magnetic coupling between windings
in dsnitable, the use of cup coren made control of
inducrive coupling much more difficult. Instead of
the cails being separated by a distance of one inch
of mute an had been commun in earlier designs, to
produce the required amount of coupling when using
cup coren, it now became nevewnary to separate
the cuiln by distances of only a few thousandths of
an inch, Accurate control of thin spacing was nee
cennary 1o insure uniform perlormance and was unue
ally oltaised by the une of wpacers made from bakes
lite or other insulating material, So critical was
thin wpacing, that normal manufacturing tolerances
in the thicknesn of these wpacers could cause sere
iown vartations in the coupling and consequently in
the performance of trunaformerw of this type.

Anatker protlem frequently encountered in the
use of cup cores camo about as a result of none
unifotmity in the air gupn formed by the two partn
of the cup cores. The aimplent form of cup coren
were made with their air gapw at right angles to
the magnetic field whero oven a slight variation
in apacing would be reflected in a changein both
the Q and the inductance of the enclosed windings.
Actually, the effect upon the inductance was lesn
werinus than that upon the Q, simply because a
cup core accounts for only 15 to 20 per cent of
the permeability increano remulting from the iron,
while the balance of this incteane comes from the
centerenlug portion of the care. Q is seriously
allected by variations in he uir gap.

Ouly a few years ago nearly all if transformers
were made with flexible leada o8 the means of
conaecting into the amplifier circuit. It was stun-
durd practice for the customer to specify the length
of each lead and alao the length of the tinned pore
tion so that the trannformer could be connected
directly into the circuit without the neceesity of
cutting and stripping leada, The very fact that the
Ieada were long and flexible automatically made it
difficalt to control capacitive coupling. As a res
wult, it was difficult to produce transformers having
identical performance characteristics, and satise
factory testirg methoda conatituted a serious mans
uluctuting problem. As & menna of minimizing varis
ationa due to lead icngth, candboard or fibre load
guldea were often provided. Slota cut in theso
pieces located the leads with a fair degree of ace
curacy but still did not provide enough support to
permit uniform duplication of performance within
entlnfactory limits,

14

it

BUS-BAR CONSTRUCTION

The logical outgrowth of the situation dowe
cribed above wan the dovelopment of a bunic type
of construction which oliminated use of flexible
lendw, Fig. 11:2 shown un exnmple of a tranuformer
of this type which will be seen to consint huwics
ally of a rigid framewutk made of hardened and tins
ned copper bun-bara (1) woldered into eyelatn (2)
inwerted in two inwulating plates (1) which form
the ends of the trannformer nnsembly, The winlings
(7) which are carrind on the coil form (3) huve their
leads soldered (6) directly to the bus-bars to which
are also soidered the capacitors (8) which are a
part ol the resonant cirvuitn, The coil form in wup=
ported at its endn by bushings (3) which alno werve
to drive the tuning coren and in some inwtunces
act as a tension device as well, (See Section 4)

External connactionu to transformers following
this busic design can be made either to an extens
wion of the buncbarw (9) or to terminalu riveted i
the end plate in place of the eyelets. In this latter
cane, care must be uned when soldering to the torme
inula ns the application of too much hent may
cause the solder to run out of the eyelet portion of
the terminal, leaving the bus-bar without aupport
at that end.

This generul type of construction has appeared
in a variety of size tanging from as small ae 3/4
inch aquare up to mome which are 2 or more lnches
wquare, Bua-bar construction is particularly well
adupted to low Iraquency operation but hew been
uned successfully at frequencies ae high na 10.7
\fc. Beyoad this point, difficultics may bo expected
in holding primary 1o wecondary coupling 1o watise
factorily low leveln because of the proximity of
the bus-barn to the windings.

Because bun-har conntruction is a fundaments
ally sound deign which by virtue of the definite
positioning of its components lends itaolf 10 muce
cessful duplication, it In but natural that this type
of construction shauld have appeared in a number
of variations, Amung the more common modifications
may be listed thuae unita provided witht

1. One or more windings enclosed in cup cores.

2. Three or mare Insulated plates and several

tuned cireuiwm of othernetwork configuratione,

3. Univeraal windinge,

4. Both univeraal and solenoid windings,

5. Two coll forma located side by elde, thus

permitting top tuning of variable-inductance-
type transformers,

‘upucitive tuning by means of air trimmers,
. Capacitive tuning
trinmors,

6. C
7 Ly meann of ceramic

R, Temperature compenmntion through the une
ol negative-coefficicnt, fixed, ceramic capue
citors in parallel with wilvered mica capne
citors,

9. Temperature compensation through the use
of wpecial materials nelected for their ther
mal coelficient of linear expunsion and uned
in bun-bars, core ncrewn, and/or care drive
mechanisma,
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Fig. 112 Typical isf of Rus Bar Construction

The mont acrioun dinadvantage to be found in
thin banic type of conatruction is itw added cont
when {-.m.-..ml to that of lenn complicated anseme
blien, Thin inceeane in cont in the reault of neveral
favtorn, among them being:

1o The large number ol component parts res

quired,
2N !'Iu- Yarge  number ol woldered connectiona,
A The fuct  that many unnembly operntionn
st be conducted in o jig or fixture in arder
1o aswure uniformity of performance and pros
per fit within the shield can, .

115
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An additional disndvantage — actually of little
wignificance in view of the vastly improved uni-
formity of performance — is found in the abaence
of Nexible leads which places upon the customer
the full burden of connection into the circuit, What
wan previously a tune of oldering four or moce
connections now bevomen u matter of cutting, ntrip
ping, und innerting un ~qual number of lendn, Hows
ever, the advantagey wo far outweigh the disnde
vantages that in one form or other thiw keaeral
\ype of construction hun become atandard through=
ot the industry, lmproved denigna takio full ad-
vantuge of busic principles have lowered the cost
andreduced the nize of high frequency wanalormers
and ot the sume time have actually improved their
performance.

PATENTED STRUCTURES

An illuntration of a transformer design® which
incorporaten many of the advantnges of bus-bar
construction but which is admirably suited to larges
ncale mawn production is shown In Fig. 114, It
will be noted that in thin design bus-burs have
been repluced by plastic side framen which serve
a varicty of purposes including:

1. Wire guiden to conduct vuil lends to trans-

former terminals,

2, Support for coil forms.

3. Theended supports providing drive and tens

wion [or tuning cores,
wation of assembly within shield cans.
The ilvered-mica tuning copucitors are located

Fig. 113 lron core designed to permit tuning from one end

A form of bumbar construction which is of
particular intercat in those casea where it in nece
eanary or deniruble to tune both windings from one
ead is offered by one manufacturer.t The distio-
guishing featurs of this design is the iron core
used to tune the top windings. As is shown in Fig.
11-3, this core is made with a hole extending the
full length of the threaded sleeve snd the powder
ed iron as well, The sleeve is slotted on the top,
thus affording & means of adjusting the top core,
while the lower core can be tuned in the conven-

within the plastic base. Provision for six terminele
permita Inclusion of up to 4 mica films in aranye-
meats to suit almost any circuit requirement. Cr pa-
citance values from as little an 3 wpward to 1000
mmf nre ccmmercially availnble in the construction,
Normally the capacitors are of the ‘‘open-end’
type, which in to say that the nilvered mica filme
arc morely held between two pieces of plautic,
end no attempt is made to seal the assembly ae

inat the entraace of moisture, For ordinary come
wercial uae, this type of capncitor has proved pere
foctly { y. The fact that moisture can

tional manner from the bottom of the s or
by a tuning tool inserted through the hollow top
core and engaged in a slot on the upper end of the
bottom core. The tarque of both cores is controlled
by Deapring type tension devices which work on
the throaded slaeve of the top core and on the
screw of the bottom core.

“Alsddin Redie Industries, Ine.

enter tho mesembly with cane alao means that it
can loave with equal ease, 3o that while under cone
ditions of high humidity there may be a substantial
temporary decrease in the Q of the capacitor, only
a few moments of drying are necded to restore the
original Q, The addition of a silicone coating to

X-Tren by Automatie
Neawrt, How Jorsey.

the micu filmn and to the base ussembly minimizes
to a conniderable extent the adverne offects of
moisture,

Thin particulur transformer is of the permeas
bility-tuned type although differing from convent-
ional designn in that it utilizes a threaded (on the
outer periphery) form of open cup core whivh come
bines the advautages of the conventional cup core
with thone of the ordinary slugetype taning corex,
By having adjacent ends left open, thin type of
core avoidn the cluse mechanieal spacing and the
resultnot coupling nenaitivity ordinarily ansuciated
with cup coren, ‘The reason for this fortunate bee
haviour meenms to be that substantial portions of
the magnetic fields of the two windingn are xo lo-
cated that the flus lines flow naturally theough the
iron and wre little uffected by the wie wapn, thus
providing good magnetic shielding und high effects
ive permenbility,

Fig. 114

Is[ Transformer designed for mass
production,

An important feature of this demign in the tempe
erature compennntion resulting  from the arrunge-
ment of the i parts of the [ la
Fig. 115 in shown the general arrangement of parts
with the planea of the side framen which aupport
the thrended coren being indicated by lines BB’

AA* teprencnta the axis of the coil form
of courne, parallel to the plunen of the
side framen, The coil form (3) supports the two
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windings () and is in tuen wupported by the side
frames At points 20, XX* representa the plane in
which the coil form is supported, It is with this
plane axthe starting point that temperature changes
provuce linear expansion within the structure an
shown Iy the arrows parallel 1o the wide frames
and the coil form. An exan

tion ol this drawing,
will teveal what

huppens when the assembly in
subjected Woan increase in tenoreaire, Both the
side frumen and the coil form will expund in the
direction wl the Becaune the side framen
are longer, they expand more thin the coil  furm
with the 1enult that the coren are moved slightly
out of the windings, thus connteracting to some
degree the increases in the inductnacen of the coils
canned hy rining temperaturen,

arrows,

Since the wide frames wnd the coil forms are
ot cummenly of the same material, o further ope
portunity for nelf-compennation v offered hy thin
type of anncubly, The selection of n material have
ing w low, or more preferably w negative, thermal
coelficiont of linear expansion for the ~ .
and of another material with a high expanaive rate
for the mide frames will produve pizawi swluiive
motion between the cores and the windings, theres
by providing w higher degree of temperature come
peanation, Proof of this reanonlng appears in the
graph shown as Fig. 116,

Under the sponsorship of the Signal Corpa,® n
ruggedisnd, hightemperature trannformer was des
veloped for use in military applications. This unit
han the name construction un ix whown in Fig. 11-4
with thewe exceptions:

1. The thermoplastic mide framen were replaced
by frames molded from thermunetting, miner-
alefilled melamine.

Twa mteel aprings inatend of one supplied
tenmion to the tuning corea,
The vpen capacitor bans wan replaced by a
micasfilled phenolic molding in which the
wilvered mica tuning capacitors were comp-
Ietely encapsulated.
By thewn comparatively simple atructural changes
accompanied by a new and improved impregnation
technique for the windings® an inexpensive trans-
former muitable for operation only up to 85 to 90 €
wan changed into a version which, while only slie
ghtly mare expensive, suited for operation up to
125 € and in addition is cupable of withstanding
rigorous requirements of shock, vibration, and hume
idity,
"Resewih snd dovelopment contract DACIS-0S see13321

* Dual-Varnioh Trostment — Sociion 9,
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Transformets of thin general type in either the
reguluror rupsedised versions are suitable for opers
ation in the frequency range of 150 ke to 25 Me.
At frequencien higher than 25 M, lowaen in the
plustic framewark tend to reduce coil Q' to a point
too Jow to ment average selectivity requirements,

In Fig. 117 appears another patented struce
ture® pamucaning many of the clerintics of
the aboveementioned denign. 1t will be neer that
the coil fori () ix mupported t itw conter by the
plantic alds frames (3) which wuppart and drive
the iron coren (9) by means of molded threads (1)
which ure hell under tension by the steel apring
(). It im obvious thut this particolar assembly has
the same wurt of builtein temporature compennation

*)-Tran by Auomatic .
Newark, New Joreey,

118

that in avniluble in the unit shown in Fig. 11-4,

Twa major differences may be noted between
theae donignn, For one thing, the second design baa
much narrower pinatic side iramen which, while
they perloem exactly the sume general functions,
introduce fewer coil losses an w renult of their
amallee mann, thus permitting transformers of this
deaign to operate satisfactorily at considerably
higher (requencies. The second mujor difference
appeara In the type of iron corew uned to tune the
inductancew, The second dewign utilizes simple,
threaded, nlug-type iron coren inntoud of open cup
cores, Thin, of courne, means that windings are not
magnetically whielded aad are therefore more sub-
ject to *whicld effects’ thar are those which are
encloned in cup cores. Naturally thin effect is more
pronounced in the came of the high-inductance,
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Part 11. DESIGN METHODS

large OD windinga uned at the lower froquencies
umiS is of much lean Importance in the cane of the
nolenoid windings Intended for una at feoquencien
of 10 or more magacyclon,

One point which In mometimes of grent lmports
unce in the fuct that both windinga in tranafurmers
of the type shown in Fig. 11-7 can be tuned feom
vither end of the amwembly. Thin in posnible bes
coume the tuning curen have a hexaganal ahaped
hole extending theoughout their length which pers
wits a special plantic tuning tool to be inwcrted
vither into the firet core, or through the firat core
wnd into the accomd, It in therefore pounible 1o tune
from either or both enda — whichever in bottor auite
ed to the particulur lnstallation in quention,

Fig. 11:7 A patented transformer conatruction
OTHER DESIGNS
One relatively new deaign intended for uperas
tion in the 4% Mc range is interesting In that it
employs the ““luna-tuning’ principle. [n this par
lish

ing the tuning mechanisma before if could becon-
sidered fur applications where shack and vibration
would be important factors,

Another denign which enjoyed coniderable
succenn a few years ngo but which in no longer in
production lu Intecesticg  becaune of the unique
type of Iron orew which were uned, Made in the
popular 14 Ineh®® mize, thin unit was trimmere
tuned and bl itn inductances random wound dire
ectly over the {ron in the wlot of a dunbbell-shaped
powdered-iren vare, Using coren with « naximum OD
of 0.250 inch and a slot 0,125 inch wide, it was
possiblo tu whtain inductances of nearly 2.5 mh
with No, 40 11 wire,

A GENERAL DESIGN

A keneral type of zonsiruction which has be-
come commun {n the coil industry in recent years
is reprencnteil by the sectional drawing Fig. 11-8,
Since newly avory major manufuctuer of high fre-
quency tranafurmern has produced hin wwn version
of thia gencral denign, Fig. 11-8 i meant only to
berepreaentutive and to show the generul principles
that goto make up this basic type of high frequency
transfoimer, .

Primucily, this general design ls made up of
three fundanwntal parts, conmiating of a base as-
sembly (1), w winding assembly (2), and u shield
(3). Almoat without exception, thi type of trana-
former in male unly as a permeability-tuned model,
and its acceptance has been wide in high-frequency
applicationn whnre ubsence of supperting frame-
works has heljied to eliminate lonsen and thereby
to improve peifurmance. As will be pointed out
later in thin iacussion, the extreme mimplicity
of this denlgn with its lack of builtein support for
the coii leadu tenda to make it momewhat difficult
to maintaln uniform  coupling between windings.

A shown in Fig. 11-8, the base ansembly core

s of two plantic plates which euclome one or
more sheets of wilvered mica which wake up the
fixed capnvitare, The lower of theae two plastic
plates contalne the terminals, whils the top plate
serves am @ mupport for the coil form ansembly.

In other vernlons of this same denign, the base

ticular design, tuning in P d by poai=
tioning what i effectively a shorted turn about the
windings. In the commercial version, thia shorted
turn takes the form of an eyeiet which in muved by
means of an arn attached to a plastic acrew,

While offering the advantage of ainglesended
turning, thin design would scem to require major
modifications (n the matter of supuustiig and doi

11-10

bly conninta nimply of a laminated phenolic
plate of a mise und shape such as to fit the shield
can. In the conter of this plate in Inucrted either &

combination eall form halder and corcenc
sion devics of the type described in Section # of
this manusl ot stud.over which the coil form is
pressed. The (Ixed capacitors may be molded silver
n mllver micen, glass, of ceramic, lases

—

e

of this type arc mout generally supplied with saldee
lagw for connection fnto the amplifier cirealt, bat
many similar units have been made using regulation
terminals and even wome with leads woldered 1o
tyelets mounted in the tuiminal board (bane),

TN

Fig. 11-8 A general transformer construction

Winding ansemblicn have fallen generally intn
two classes (1) thame in which tuning in ucconpe
lished with powderad iron cores attached to metal
screws and (2) thone tuned by powdered itwn coren
which are themaelven threaded on their outer poris

pheries.

1f the firat of themn two general clussificatinnm
1 omployed, a nlight problem is involved in aljuste
Ing the upper core, This vperation may be neomps
lished through w thremled siud attached to the top
of the mhield or by the une of a combination coil
form holder and tenslon device placed over the end
of the tubing ued an the voil form and locked fatn

TYPES OF CONSTRUCTION
o anitable apening in the whield 10 prevent rotation,
This feature in wometimes the canse of trouble
since unlews the annembly is fiemly poitioned with
respect to the core drive mechanism, detwaing will
result from any dinplacement of thewe twa purte,

The wecond basie type of winding wnnembly
which utilizen thiewled cores in alvn nade in two
distinet versions, The more common of thewe de
peads upon partinl (u, in ane version, full) theeads
imprensed or cut into thé tubing weed wn the coil
form. The major peablem connected with this des
wign i found in vhe matter.of tension applied 1o the
cores, Because wont of the materialn commonly
used in coil formn e momewhat hyproscopie, and
because changes in moisture content are “eeompane
ied by dimensivanal changen in the tublog, it han
proved to be ali bt imposnible to maintain wois
foem core torque during the course of nonual varis
ations in wenther,

A conniderable wnount of work has Lenn des
voted to this problem of torque contral by manue
facturers of the coil formn and by membere of the
coil industry,  Mavimum ana minimum forque res
quitements® have been wpecified by w number of
sources, but up to the time of this WELIR ho Comps
letely watinfuctary molution to the problom uf core
torque inupplicationn of this wort haw been reached,
Costwise, there i mneh of interent in thin hunic
dewign, but in view of itw recognized whorteomings
it is not recommended for use in military rquipe
ments,

In an uttempt to cmploy this general denign
without encountering the torque problenn dincunmed
above, certuin munnlucturees have taken the banie
principle of torque control incorporated in the De
wpring teaning device (Section ) and adapted it to
the drive and teamion of the tuning coren in this
keneral type of transformer conmtruction, o carry
this out, slota are punched in the tubing v an 1o
rememble the wlota in the D-npring tensiun device
referred to above, aml cither rexulation onprings
of muitable wize, or what might best be deacribed
an plastic Cowanhern, (Fig, 11-9) are innerted around
the tubing und through the nlots no un to ongage the
threads of the tuning coren,

From the farsgoing Jencription, it will be neen
that botn drive and tenmion or torque control are
imparted to the coren through the medium of the De
nprings or Cowanhora, No threadn are tequieed in
the 1D of the tubing, sndwn tong am the sluin are

“Repeessntaive values s 3/4 inch ounce for & minimun snd
7 inch aunces fue @ masimum,

nn
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kapt clear ~  thus peemitting free action of the
*pring = tension will'be fully conteolled by wpring
action, A major weaknean of thin deslgn in lack of
renintance to “push thiough'® = o condition likee
ly to be encountered In tuning unless particylae
cure v exercined to avoll the application of more
force than is nctually necennary to engage the tuning
toaln in the slota of the coren, Another criticinm
often directed at thin denign ds-that the slota for
the sperngs amst be locuted clone to the windingw
i unnerennarily long coren wre not to be aned,
Phin eequivement, particularly in the case of metal
Denprings, canses u reductin in the Q of the winde
ings hecaune of the clawn proximity of even thin
muall mans of metal,

Fige 119 Plastic Cacashor used to supply core
drive and tension,

Shield ansemblies of thiw general design are
fuirly uniform in type eacept for minor featurew,
Included among theae differences may be listed
the weann provided for halding the top of the coil
form in place within the whirll, Thin feature i of
the greatent importance in those units having thread.
ed coren, aince the ume of o tuning core with n
screw automutically provides w means for locating
the top of the coil umsembly,

In the cane of thome unite uning threaded corea,
two gencral methods of arcuring the tops of the
coil forma are employed, The cheaper of the two
makrs uae of on extruded whape in the shield of
® sizv which will fit vither the ID or the OD of
the coil form (see Fig, 11-104 & 11-10b) and which
will,theeefore, conduct the tuning tool to the proper
location within the coil form, Tha second, and probe
ably moee common method, unvm u stamped coil form
holder of the general type deacribed in Section 4,
exceptthat the portion intended to engge the scrow
threwls in omitted und replaced with u hole large
enough to admit the tuning tool,

A major problem in thin type of constructiun
han proved to be the eatnblishment of a satisfacte
ory means of holding the awnembly within the

n-2

:

shield. Some of the firat commerclal verniona umed
a combination coil form holder and tennlon device
at the top of the coll form as described whave and
depended cntirely wpon this device 1o hold the

Fig. 11-10a & Fig, 11-106 Common methods of
supporting top of coil form,

complete asnenbly within the shicld (ace Fiy,11+
1), It was reanoncd that the main need foe thin
holdiag action would he prior 1o installution of the
transformer in the chanais and that it would not be
necessary to provide « completely rigid amnembly,
For equipments which will not he subject to whock
o vibration, wuch an wrrangement could pownibly be
considered matinfuctory, empecially if the Tength of
the coil form nnd the tength of the ahinld bore o
relationship such that the lower surface of the
base carrying the winding ansembly und the hittom
of the shield were in eanct alignment, Becaune of
normal manufacturing tolerances, thin ideal cone
dition was rarely reuliaed with trannformer (natable
lity a natural result of shock and/or vibration,

As an alternative ta the above listed method,
aome designers turned to w hane plate in which
were located holes throngh which spade bolts ine

Fig. 111 Coil form hotder used to support top of
coil assembly,

tended for mounting the ahis Il to the chassis could
be uned to hold the tranalurmer assembly in the
whield, From the standpoint of results obtained,
thia myntem was watinlactory, but it was expensive
both from the viewpoint of materinla required and
from the extra operations Involved.

The generally accepted method in use at thia
time conwists of locating the top of the buse
anacmbly against shelf-like projections which nre
bumped out from the 1) of the whield as shown in
Fig. 118, In this mannrr, the unsembly is definites
Iy locatedwithout respect ta the hattom of the shisld
where It may be held by means of a simple crimps
ing operation. A little thought on the part of the
dewigner, particularly with reapect to reasonable
and practical tolerancea of all dimensiona, should
reaull in assemblies which are satisfactory in thia
rogard,

As was jntimated ut the beyinning of this dine
cuanion, a serious problr with this type of cone
struction stems from the lack of support for the
coll leads . Since thews lomla ure surrounded by
both  electroatatic and electirosmagnetic fields,
it Im obvious that their ponition with respect to one
another will affect the cuupling present between
windings. Variations in lead pomition will, therne
fore, be reilected in variationm in performance
(rewponne), thus making duplication of units a diffs
fcult matter. The extent 1o which leed ponition
may Influence responne In pratably beat illuste
rated by stating that it e not an unknown practice

N

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

e

TYPES OF CONSTRUCTION

In the coil indunty ta adjust gain and band width
wimply by positioning coil leads. Thin very fuct
points out the dunget of uming thin type of cone
struction jn any applivation where it mmy he oxe
preted to encounter whack or vibration = n Hinitas
tion which, for il practical purponen, eliminates
this basic deaign from all military connlderation,

TEMPERATURE COMPENSATION

Increased requirements for  uniform gain and
band width over a wide range of ambient tempers
tures make wome Lo ol temnerature compennation
@ requirement in many \runaformer denignm, 1 waw
pointed out earlier in thin discussion that cectain
putented structures have o degree of temperature
compensation inhrtent within themaelven an w res
sult of basic conmtenctinn principles, Thin very
fuct accounts for the ey ptional temperature atalbe
ility manifeated by wome civilion modeln = a stubie
lity which oftrn excerda that of more onpennive
military componenta,

rom the atandpolnt of o tranaformer denigner,
it is unfortunate that wll the common and haaic
components of high ftequency tranaformers tend to
move in the same direction when exponed 1o tempe
erature changes. This gencral change or drift In in
 positive direction, whicn ie to say that as the
temperature goen up, so also does the Inductance
of the windings and 1he Capacitance value ol most
of the capacitorn wned for producing remonance.

It has been ahuwn In various places throughout
thin manual that wuch fnctors as wire insulations,
coil form materinla, and coil impregnation matere
lals have a definitn effect upon the tamporature
cocfficients of uniseranl_coils. The same genoral
principles apply, althmugh tec a womewhat lesser
degree, in the cane of aolenoid windings,

Silvered mica cupacitors also have a positive
temperatare coellicient, ' meana that the change
¢n in the coil and in the capacitors of thoae unite
tuned with silvered mica capacitors are additive,
and both being ponitive must resalt in a lowering
of the resonant frequency as the temporature Ine
creases.

Fortunate indeed la the fact that ceramic caps
acitors are availabls in n wide range of temperature
coefficients, incluling many which are highly nege
ative, It therefore fullowa (hut o proper comhination
of  negative-coollivient, ceramic capacitore with
other capacitors powsennsd of positive charucters
Istics can produce w unlt which will be relatively
alle over a limited tenpernture range, The sffect

113
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ol the addition of negative capacitors 1o w cone SPECIFICATIONY
ventional transformer in clenrly shown in the waph
prencnted as Fig, 1112, MIL-C-15308A

As was intimated oarlier, proper aelection of
materials of construction or the utilisatinn of
apecific mechanical configurations may alwo olter
4 means toward temperature compenmation, (ene
erally peaking, however, nuch idean are axpenuive
1o put into operation, nnd mont often the deniyner
will solve his tempernturs problems through wes
lection of the proper combination of the proper
cnpacitors,

SUMMARY

Fig, Hb2 Fifect of compensating copacitars upon drift,

T

““Coils, radlo trwquency; and tranalurnn, Intere
mediate and radiu frequency”
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Since the primary purpone of this manual In ta
peovide information leading to the denign o high
frequoncy  tranaforn, for military usc, it in
once apparent that many of the designa dincumned
above cannot be connidered wlequate, even thangh
they may give entirely nutisfuctory performunce in
civilian applications, Rendern who are unfamiling
with the rigorous requirements of the Armed Forcon
are referred to MIL-C-15305A — a carefu) reading
of which will show why tennaformer denigne which
wre completely watisfactory for civilian radion or
telovision sets are entirely unsuited for military
use,

30
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2

In view of the conditions under which end
equipmenta must operate, it is not surprining that
a majority of those tranaformera intended for wuch
une are of bucsbar conatruction, Admittedly expans
sivo, this basic deaign ls vermatile enough to allow
modification to a degres permitting ita considar
ation in many military applications. Bus-bar cone
struction s sturdy, and in the larger shield nlaen
han ample room for componsating capacitors of
for  other network components, For thoas canen
where size is a definite foctor, it would appear
that the miniature tranaformer developed under cone
tract DA-36-039 ac-15321 has much to olfer, In
conbination with ite mpecial mounting clip dos
scribed fn Section 2, this unit has much tores
commend ft for gencral military wae - eapeciully
in view of the preaent trond toward miniaturization
of equipments,
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Section 12

MEASUREMENTS ~ THEORY AND PRACTICE

GENERAL

Elecirical measurements of coils and transe
formers are of extreme importance to a design engis
neer, In addition to providing a measure of per
fornunce, electrical meuswewents furnish a meuna
of specifying fundamental parameters, thus opening
a wuy to the successful duplication of coils und
trannformers,

It electrical measurements could be made with
the name degree of eune and accuracy that moche
anical measurements can be taken, specification
and nubscquent.duplication of electronic companents
would be vastly simplified. Unfortunately, however,
it i not un casy tusk to measure in an accurate

pronching even an much ns 5 or 10 Mc = meanures
ments under operating conditions can be carried
out with a minimum of attention to circuitry nnd
luyout. Above this point, particular atteation must
ke given te such detnils as connectionn to the
tube  sockets, arrangements of ground returns,
whielding, by-panning of filaments and cathode
teturns — just to nume a few of the critical pointa.
It should be noted in this connection thut at the
higher frequencien all vacuum tubes will exhibit
nome degree of input loading in their grid circuits
as a result of the Miller Effect. Even with a maxe
imum of care and attention to detail, at frequencics
abave 100 Mc it is extremcly difficult to duplicate

At nuch Ir it is common

manner the perf of u high frequency *ranve
former.  The seriousncn of the problem stema
lnrgely from the difficultirs irvolved in eliminating
from consideration all the other components in the
teat circuit, thus insuring readings which relate
only to the unit under test,

In general, r-f transformers can bs considersd
a8 fourterminal passive networks. To conduct
tranaformer ‘tests in line with this concept mennn
that the units must be driven with a known value
of mignal input while the reaultant output in being
mensured.

From a purely practical standpoint, mensures
menta made in the foregoing manner have comparus
tively little value becaune of the fact that almont
every r-f transformer ia deaigned to operate in cone
junction with a vacuum (electron) tnbe or transistor,
Since the type cf tube and the voltages supplied to
its various elements along with the general features
of the related circuitry have a decided influence
wpon the performance of a transformer, it follows
that measurements taken under other than actusl

itions may be of questionable value,
i i as the
At low freq
this cen mean frequencien ape

Thin  unf
f T 24 of P
quencies — and

practice to make all final adjustmenta to colls and
transformera in the actual equipments of which
they are a purt, rather than to attempt to depend
upon the resulta of tests conducted outwide of the
actual circuit,

Another situation in which it is generally diffie
cult to duplicate menaurements. involves the une of
bigh impedancea at telntively low frequencien. It
therefore becomen appurent that accurate testing
and of high-frequency tranaf
can be complicated by the presence of high ime
pedunces and/or high frequencies.

In the early daya of radio, it was customary to
make all coil and tranaformer measurements oither
at d-c or at some very low frequency such as 1000
cycles. To bo sure, it was recognized oven thea
that such readings wore of necessity somewhat ine
accurate, but in view of the relatively low fre-
quencies in use In thone days as well as the fact
that most inductances were of simple desalgn not
involving magnetic cores, little effort was devoted
to the development of better methods of measures
ments,

YSee  Bection 14 for more detelled discussion of the Miller
Rifecs,

12-1
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The rapid growth of electronicn during the pant
fifteen or twenty years and the chungen accompas
nying this growth have focused uttention on the
inndequacien of directecurrent o very-lowsfrequoncy
meanurcmentn, Higher operating frequencies, res
duction in slze of component parts, denands for
more  melective circuits, increaned requirements
for duplicution of inductive componcutn = all thewe,
and many more, nre reasons why growlng imnortance
in attached to those mezsurements which nre made
s ncarly ne ponnible under actunl warhing con=
ditions. Becaune both types of meanucruients huve
their place in the coil industry, thin discunsion
will include Loth low frequcacy and high frequency
equipmentn und techniques.

LOV FREQUENCY MEASUREMENTS

Dec mennur ~ pasticuiarly of resl -
we often of value in coil design, Il only moder-
ately accurate renistance readinga nre required,
an obmmeter® will wiffice as the mennuring instrue
ment. Fue accurate determinationn of renistance,
the atandard inntrument used is the Whcatstone
Bridge — = typical circuit dingram for which is
nbown in Fig. 12:1,

Fig. 12.1 Wheatstone Bridge

The fundamental Kheatstone liridge clecuit is
represrutative of “null” methods of measurement.
A network capable of adjustments nuch us to give
sero transmilssion in the detoctor circult is the
fundainental requirement of a bridge circuit, Khen
seed with a dec source, either n galvanometer or
vacuum-tube voltmoter can indicats the null point.
A basic circult for thia type of bridge (v shown in

IConalsting of artangemers of Wollery, tesiater, and
doc mater wove!

122

.

Fig. 12-1, In auch a bridge, when the voltage a
croms the detector terminalw In zer, the relation=
ship Ra/ly = Ne/iia will exint within the circuit,
Ra ond ls act in the capacity ol ratio arms, with
the actual bridge bulancing for vomparinon of re=
wistance being accomplished by varying the value
of Ha, Adaptationn of the bunic eirouit of Fig. 12-1
canbe aned nat only o dee but st wudio frequoncica
(usually 1000 cycles) and even wt radlo feaquencies
as high as 100 Mc.

;@_,

Fig. 12:2 Maswell Bridge

Amang the more common Jow frequoncy bridges
may be linted the Maxwell Bridge, u ¢lrcult diagram
of which is shown in Fig. 12-2, An important ade
vantage of this particular bridgo -In tae fact that
the standard of comparison In a capacitor which,
of course, has no stray ficlls aaxociatod with it
thus preventing coupling problemn from developing
in the meanurement of uashieclded coils, For coms
ponenta having moderate valuen uf Q (loss than 10},
the Maawell Dridge will be found gonorally eatise
factory.

Differing from the Maawoll Bridge In that the
etandard capacitor is purt of & weries clrauit rather
than of » purallel circuit, the Hoy Bridge (Fig, 12
3) will be found far more watlafuctory for Q's with
values of 10 o moce. The uan of a capacitor us the
standnrd ngain helps to eliminnte problems origle
natlng in stray fields.

The inatrument most commonly used for ine
ductance measurements on calls iw probably the
Inductance Bridge. Tais in of ke general form of
the Wheatatone Bridga aw cen by aeen from the
basic circuit-shown in Fig, 124, and becauee of
the fact that a coil is used an the wtandard, this
oeidge ie particuiariy well adupted 1o inductance

matching. The fact that thin type of bridge in moxt
often used at a frequency of 1000 cyclen makes
whiclding something of o problem, particulaely nince

Fig, 1241 llay Bridge

the standard han o very definita stray field which,
at this low frequency, in difficalt to whirld efe
fectively.

Fig, 12-8 Inductance Bridge

It must be recognized at this point that une of
the major problemm connected with the une of low
froquency Eridgen in 1o be found in tho mucceanful
grounding and abielliag with reapect to the bridge
of the coil under test, Thin problem hus it origin
in the wellknown vhin effect which caunen high
frequency currsntn to (low o of ncar the surface of
a conductor, 1t in therefore apparent that at high
frequencies shielding will be somewhat cranier to
accomplishund willpermit the use of thinner shisld
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materinle than will be the caseat law

A manple of s nulltype network which is not
baned on the Wheatntone Bridge in the TwineT,
the bunic cireuit for which is xhown in Fig. 125,
Beyond the fact that thin instrument van be used
over a wite frequency tange, (00 ket 30 Me in
one conmers il version) there Certain other ad
vantages incholing the fact that an inolution trans-
former in required, that the et wrrangement
itnelf tendn t minimize the effects ol troublesome
renidunl Capavitances, and that there in uxed o
variable Capaitanee rathee than inhutance ux the
Daluncing component - u practive which is much
more sucrennful at high frequencies,

It .
W )

C A
Fig, 12:5 Twin-T basic circuit.

Two powsible disadvantages o the TwinT
should e listed. For one thing, readings are ob-
tmined in termw of admittance tather than directly
in inductance, and also the inatrument does not
function particularly well when uned with low-Q
coils,

The foreguing instruments by nomeann complete
the lint of nulletype low frequency reaintance and
impedance weasuring devicen, Nowever, they. are
reprenentutive of the ones mant vonunonly en-
countered in the coil industry, and because these
instrumentn have been treated in detuil in so many
text and reference books — not to mention manu-
facturers’ catalogn, no further dincunnion will be
included In this manual.

THE Q METER

If & vote were to be taken among coil engincers
for the purpone of aelecting the most uneful inatru
ment for the determination of coil purameters at
radin frequenciew, it is certain that the Q Meter
would win by a substantial margin, Developed
about 1934, this versatile inatrument which uses
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the resonance principle to indicate directly on a
meter the Q of the coil under test, at the sume
time shown the frequency of resonance and the
value of the vapacitance required to produce it
The banic citcuit of the Q Veter appears as
Fig. 126 and whown the instrument to include an
oscillator whivh generates a small voltage across
 amall renistance - usnally either 0,08 or 0,02
ohms. The coil under-test is connected in necies
with the resintor, while the tuning capacitor and
its vernier are o parallel with both the fixed re-
wistor and the enil, Alwo in parallel with the cape
ftor in o spevially calibrated, vacounestabe volt-
meter,

’-J VIVM
s 7 AL BRATED]

INQ

]

It will be remembered that Q haw been defined
aa the figuie of merit of a tuned circuit o of a
coil o capacitor, It in 2qually true that Q may be
deacribed uw w meanure of the ability ol a coil to

Fig, 126 Q-Meter Circuit

atore up energy and then to alowly dixnipate this
stored energy,

The Q Meter depends for ita operation upon
the fact that ut renonance the ratio /e in equal to
the Q of the circuit It in, therefore, necennary only
to set the value of e to a convenient level (us
measured by the innertion voltage meter shown in
Fig. 12:6), whereupon Q may be read directly from
the vacuum-tube voltmeter whichis actually meanur-
ing the ateppedup voltage resulting from renonance
of the tuned circuit,

There are many advantages to thin method of
measurement, Not only is Q read directly, but the
frequency of remonance and the capucitunce ne-
cennury to tune the coil are both indicated on call
brated dials, thus muking it possible to calculate
the industunce of the coil,

As unelul and as widely accepted an the Q
Meter has becume, It is not without its limitations.
Most of theae stem from certain ansumptions upon
which are based the whole theory of the Q Meter,

124

For example, both the internal resintance of the
inserted voltuge and the inpul renintunce of the
vacuum Whe voltmeter are annumed to be u part of
the cenonant circnit, Because of the high quality of
components uned in the Q Meter, thin assumption
to the effery that the entire vitouit lons may be
found in the inductive portion of the tuned circuit
is actually not oo serious. It duen, however, intro-
duce  wlight error, particularly wt the higher fre-
quencien,

Another limitation is based on the assumption
that the cuil which is made a part of the Q Meter
circuit haw no distributed. enpacivanve, The ime
portance ol this assumption in wpparent when one
conniders that only under such wn ideal condition
conld the innerted voltage, &, be in eries with
the resonant circuit; and since wll coils have seme
distributed capacitance, it followa that the true Q
of u coil in actually higher than that which is in
dicated by w Q Meter reading, Since, however, the
tuning  Capacitance is actually many times larger
than the dintribeted capacitance, the difference
between the Yeffec :ve (us read on the Q \leter) and
Otruc will rarely exceed 10 per cent. To convert
Qeffective ta %true, the formula

Urue = Veffective n( | + :‘ )
may be uned if Ca in taken aw the distributed cap
acitance uf the coil und € as the reading of the Q
Meter capacitor dial,

Another  wource of compuratively small errors
in Q Meter readings resulta from the harmonic con-
tent of the built-in oscillator: ‘Thim effect is moat
noticeuble when readings are being taken on two
overlupping frequency ranges becaune the harmonic
content of the oscillator in usually higher at the
high frequency ead of euchbund, Since the innertion
voltuge readw ensentially tha ima value of the o
cillator wutput, the higher the harm content is,
the higher the meter will read, remulting it a falne
Q indication because of too low an insertion vole
tage. This accounts, at least in part, for the vari
ation in output levels as the O Veter oscillator is
tuned through u band and alwe indicates why Q's
taken in the lower portion of the bund are more
accurate than those takew near the upper limits of
the various frequency rangew,

Working with uashielded coils muy introduce
certain problems, Thin in cspecinll
true in the cane of large corls = particulaly loop
untennun -« where stzay ficlds or pickeup from nearby
nourcen ul £l energy may produce falae readings.
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Under such circumatancen it is advisable that all
readings be taken in a welleshielded room, 11 thin
caution in nol ponaible or is connideisd wne
feasible, it is often whantegeous to take W netion
of readings with the coil in a different pasition
vach time, and from e offect of these diftorent
orientations, to wirive at an average whivh will
largely-eliminate the steay field ffect,

At frequencien above 30 Me, it bevines e
creasingly difficult W distinguish between the il
and the self-inductane e of the taning capa it and
associated  wiring of the Q Meter, 1t in b thin
reason that a special wadel of the Q Mvtwt han
leen developed fur wne wt very high frequen s in
which are incorpivated circuit and layout Vhanges
tending to improve petfoemance at frequensivs ap
1o 260 Me.

OTHER METHODN OF DETERMINING Q

As an engineer sugaged in the denign anl des
velopment of high feequency coils and transbamees
is, of necessity, lutrieated in absolute an well an
in  compurative weaxurements. Since  abwolute

casurements ul high frequencies inval\e wany
problems, it follows that eveiy important paiameter
whould, wherever pownible, be determined by at
lewst two campletely independent methodn,

Before the intriduction of the Q Meter it wan
customary to use rither the fiequencysianntion
method or the reactancesvariation method when it
was necessary o meanure Q.

The fiest of thewe methods, known an the fres
quency-variation method, is based vpon the fact
that the bandwidth ol a tened circuit at 707 per
cent of its responme b temanance whea divided tntn
the resonant frequency in equal to Q. Fxprosacd an
an equation thin becomen

Q = L/ AL(70.7%)

and s based on the type of curve shown n Vg,
12

The most mmon means of carrying owi the
frequency-varintion method for the determinatinn of
Q involves the use ul a0 nweep generator with an
oncilloscope  on whivh to view the melevtivity
curve  of the tuned Giecuit. This method wullers
momewhat in accutacy because of the dhiffivulien
nurrounding 4 true lincar detection of the aweep
wave, thus mabing aicurate calibration of the
oscilloscope of vital importance mince W ulleen
the only practical meann of overcoming the none
linearity introduced by the detector .
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A mevand prablem ansociated with thin wystem
of measarement in the change in the ) of the tuned
circuit whivh veanltn from the Tonn af wnergy intro-

AMPLITUDE

1
|
i
]

I
|
|
'
|
1
|
]
i
[l
'
|
|

fo

FREQULNCY
re-n

BW@ 107%

Fig. 12:7 Response cuve for determination of Q
by the [requencysvariation method,

duced by detertion of the wignal voltags, To i
mize this lonn as much s poanible, it in uecensary
either tu detent wtw very low level, or to amplity
in a broadband anplifiee before detection = &
means which in geaetally undeaivable hecaune of
of the nonlinewtity present in moat amplifiers of
this  type. capecially whea uned at high output
leveln,

Figo 100 abuwa a typical netup which-will be
found  gencially watinfactory for use with high Q
circuitn, Lowse coupling between the wignal gener
ator und the virout under teat in ennentinli others~
wise ditect beed through of the wignal from the
sweep genetalor o the detector mny apoil the ace
curacy of 1" weasurements.

Fig,  1h9 ahows a similar wetup where ine
ductive caupling - rather thun elecirnmtatic (cap-
acitunce) voupling in used between the sweep gene
erator and Hh tuned circuit, For tawer O circuits,
this aystem wenally will give more dependable
resulta than the aetup outlined in Fig, 1248,

A conventent cheek of the validity of maanures
meats made by withee of the above wetupn conminta
of detuning the cuila without touching the gene
eratoror the detoctor, If, under thene clrcamntances,
the renponne falln off aubstantinlly to sero, the
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degeen of coupling in nuch uw to prevent direet
feed through, and readinge niny be assumed to be
correcty

S'WEEP
GENERATOR

o}

mental method’=in wometimes employed, In the
yeurs prior to the invention of the Q meter ~ in
lact even before the introduction of the termQ ~ the

P AN
’ ~
N DETECTOR
" AMPLIFIER|

. 128 Typical setup for determination of Q by th: frequency-variation method. (High Q circuits.)

A nomewhut
which

similar method of determining Q
in slightly more time consuming but very
wuch more nceurate {n that known as the point-hye

SWEEP
GENERATOR

[en

deceemental nystem wan used as a means of checks
ing circuit efficicncy, Based on a power concept,
thin system, an the name suggests, actually meas-

DETECTOR
AMPLIFIER

Fig. 12-9 Typical actup for determination of Q by the frequency-variation method. (Low Q circuits.)

point  method. The required equipment for thin
aystem includes u wtandard wignal generator und
wome wort of output indicutor which most commonly
in either a d lifier or o t

voltineter. The pointebyspaint method consists of
adjusting a tuned circnil to tenonate at a dez
frequency,

od
and then ol maintaining a conntant
antput level while vurylng both the frequency of
the wignal generator wnd the tnput level (output of
the wignal generator), Fram Information thus ob=
tained, a resporae curve cun be plotted or the Q
calvulated  from the responae al resonance and
the 70,7 per cent pointa, A cantion to be observed
at all times in connection with the point-by-point
wyatem of measurement iw the avoidance of tight
couplings  between the wignal geverator and the
tuned circuit. For beat results, coupling should
not cxceed the minimum required for transfer of a
sulficient signal to curty oul the desired meanures
ments,

For use at highee froquancien, a somewhat moro
fundamental method of menmuring Q — the decree

ures the amount of time required for the current in a
whockeexcited, tuned circuit to die down to 1/e of
ita original value, In Fig.12-10 appears u busic
layout for this myatem of measurement which will
be acen to connint of a pulse-modulated signal
kenerator loosely coupled to the tuned -circuit
which in turn in looncly coupledio a detector whose
wutput is shown on an oncilloscope.

It is this general type of measuring nystem ~
one involving the une of decrement—that formm the
banin of the **echo boxes™ which were uned as
radar calibration aids during World War 1l, In this
applicatinn, highe() cavity remanatara ware excited
by the carrier pulwe from a radar transmitter and
then were allowed to reradiate back inta the radar
receiver in a manner o}
from a target.

The great danger in using the decremental
method in the laboratory liea in the ume of too

ly resembling reradiation

Yinclded in this dlacussion be of ita historical value,
bessenicday coll enginesr will find fow pactical appli
cotions for this methed,
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MEASUREMCNTS - THEORY AND FRACTICE

Hght  couplings Letween the generator and the
tuned cizenit und between the two circuits and des
teetar, A practical chevh which may be wael 1o
determine aptimum conpling value is to lessen the
couplivg  value by degieen until that peint in
eached where two muecennive readings produce
the mame results, AU this puint it may be assuned
that the loading is such an tu reproduce no ereor,
aml 1t may be consid

[

ed that the pereent of energ
le is equal to 1,

mimt

-T

PUL.SE MODULATED]
SIGNAL GENERATOR|

aj

wtems from the fact that Q ix equal to £,/ METOT%),
From the familiar eelationship27f - 1A LG W can
therefore be maid that ) in equal to GG Vi,
1211 shows a typleal renponse curve i which
the T0.7 per venl point s indicated al one sile
anly = point to be noted sinee
AF was defined wn the distance between the 707
per cent pointn an both sides of resonane, e

ol resonane

fast

cause acitance detuniag ratin will vany

tnice as ax the deviated frequency when

OETECTOR

-

Fig. 12:10 Decremental aystem for determination of Q.

A necond cantion which might be listed cone
cemn the need for a pubee length sufficient to
allow for the formation ul o delinite and recognise
able plateau from whivh W measure the decline of
the circuit energy. The shape of the detected pulan
in largely determined by the vircuit Q, withthoar
cirvnits which have the highest Qs requiring the
longent time intervalm to reah their peakn.

Tha decremental mywtrm in not recommended
for une with unshiclled voils since the nornml
eadintion loss prexent in suck coils in wanally
wifficient to make the rewulin of this syaton of
meanurement of questionable value. Connidered
an a basic system of measurement, there in little
W recommend the decremental nystem. It in, howe
ever, of sulficient hintorical value to be worthy
ol inclusion in this discusnion, particularly an &
meane of confirming Q) meanurements.

Another method for determining Q is that which
involven reactance-varitinns, This is esnentially
the wame process as the frequency-variation method
except that the tuned elry st in detuned by a amall
vernire capacitor connetted in paraiici with the
wuning  capacitor. By meann of this vernier, the
clrcuit may be detuned to one TO.7 per centres
ponne point,” whereupon Q0 may be defined an
Q = G/3C. The justification for this equation
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asing the reactant o=y ariation method of measing,
it is necensany werely to detune sul wwnth te
reduce the maninmm voltage at zemonance tn 0.7
per cent of itn vulue,

However teue the foregaing statementn maw be,
it iw believed that when using the reactane esvaris
ation nethod it will be found far more satisfantory
to include both T0.7 per cent pointy an was dune
in the frequencvevatiation method, Than tecime
mendation in baned pon the established faet that
the 70.7 per cont pointe can be located with w
higher degree of accoracy than in the canewith
the remonant frequeney, 1 is therefore apparei
that the overall accuracy of the meanuriment will
be increaned by the une of two T0.7 per cent palats
rather than one. Under this system, AC annumnes o
value twice an geeat aa when only one TOT pee
cent point in usesl, thus making it necessany to
double the value of the capacitance required 1o
produce rewonance, In other wards, while it ix
peefectly trae that Q= C/ZNC an wan fient wbated,
it will be found ponsibile 1o increase the acowrcy
of the method by using the formula Q - 20, M.
where AC representn the range of capacitanie ine
cluded  between the two 707 per cenl points
ruther thun betwren resonance (5 and one half
power point an wan criginally suggested,
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It e often convenient 1o ume this reactunces
vatiation methad of meawmsment wn o cronscheck
an e performance of the O Meter wince the necess
iy vornier and culibrated capacitance are w purt

of the conventional Q Meter circuit,

-] act= ReAcTANCE
20C b=

-
Fig, 1211 Response curve for determination of ¢
by the reactance-variation method.

GRID-DIP METER

An instrument which I of considerable value
In coil work, eapeciully for the determination of
remonnnt frequency, in the grid-dip meter. Thin
devica was originally developed by radio amatrurs

- S~

o

Fig. 12-12 Basic circuit of grid-dip meter,

and was successful 1o a degroe which rewulted In
woversl commercial vernlons being offerod on the
market, A typical instrument of th type covers,
with the aid of plug-in voila, u tuning range of from
2.2 Mc 1o 400 Me.

“The  Megacycle Motor manuactured by the Messirsmeide
Ceapention. Racetan, New (8248,
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Grid-dip meters ate gonerally of the bunic type
teprenented by the wluplified circuit diagramof
Fig. 12-12. The principle of operation depondn
upon the fact that @ twned circuit, when coupled to
the coil of u gridsdip meter, will absorb energy
from the oscillator when both circuitn are tuned
1o the same frequenvy, This loas of energy from
the circuit of the id-dip oscillator caunew
lemeaning of ferdbuck with a resultant decreane
o “dip” in grid cmcent. The sharpnonn of thin
dip in a function of the Q of the exteranl circuit,
with those of high O'n vuuning o sharp dip in prid
current as meaaured by the milliammcter,

1In these inntramenta anly the coil In exponed,
with the baluncs of the circuit including the vals
ibrated capacitor envluned within a cane which
werves us a shiehl, Uwned with reasonable care,
pridedip meters will weanure frequencien to an
accuracy of 2 pre ennt or better. Satinfactory opers
ation of a griddip 0 eter in largely depemlent upon
the degree of inductive coupling prenent between
the tuned circuit and the exposed coil of the matee,
It the coupling in Jun tight, two freauencien will
be noted as the femulin of overcouphing., The ope
timum coupling vatien, of course, with the 1LC
tatio nnd the Q of the tned circuit, Fortunately, it
in animple matter o leurn to use these Inwtruments,
and only a litle evperience is necesnary to pro-
duce dependeble tradings. When it in desirad in
measure the rosonant fraquency of shichled coilw,
a whort twisted coupling lovp can readily be made
vp und inserted lnmide the shield can noar the
low-poteatial point nf the coil to provide coupling
between the magnetic fiald of the coil under tentand
the external coil of tha grid-dip meter, Fig, 12-13
whows a typical wetup of this type. The coupling
must be adjusted by trinl and error to preveat
“junping” of “anapping”® of the omcillator which
will be noted if the vuupling is too tight.

1t is apparent that Inductance can be moanured
by means of & grildip meter if the value of Co
(Fig. 1212) in known, Preferably, thin capacitor
whauldbe small in wlze and of a low=losn type such
an silvered mica ot voramic. Instruction buoks ace
companying moat matera of this type give dotailed
Instructions for mmasuring inductanco valurs by
merely attaching standurd capacitors 1o the clips
provided with the metere for this exprenn purpone,

Another une for moters of the grid-dip type in

In point-by-point Irequency-variation

of Q. In many Inntances, the calibrated dinl will
not be sufficlontly finoly divided to provide
the desired accuravy, thus making it neconnary to
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remort tu beatefrequency techniques, Tt in thin
purticulae meanurement technique that i mont
often uaed Lo evaluate relatively high Q coils
wach am trap circuits while they are a part of the
complete cirenit and are in ponition in the end
equipments

IR
shielded el

Fig. Method of coupling srid dip meter to

TESTING R-F TRANSFORMERS

An uacd in this discussion, the tem rf transe
former applies 1o that type ol high frequency
conpling device whose brond bund churacteristicn
muke {1t situble for use in the “front end” of w
recejver, When such transformers ure tested, the
femtwren of  greateat interent are invariably the
welectivity curve and the stuge Rain,

L

GIMMICK

Fig, 1214
[ormer,

Actual circuit of w typical r.f. transe

A typical circuit for much w transformer ap-
pears in Fig, 12-13, Since it follows conventional
deaign practice, this unit will be acen to connint
of an untuned primary and a tuned secondary with
a coupling capacitor commonly called a gimmick
connectod ucrons the high endw of the primary wnd
wecondary windings, The renson for the use of the
wimmick is probably best shown by Fig. 12:16, 12-
17 and 1218 which reprensnt typical r-f trann-
farmer reaponse curves when primary to secondary

MEASUREMENTS — THEORY AND PRACTICE

coupling in entirely capavitative (Fig, 12:10), ene
tieely wutual inductance i, 12417), or a conbis

nation of mutual inductanee, and capacitive conpe

LaNT,

quivalent cin

w P 12418

it of transformer vhown

ling = the latter as the
wciter (Fig. 1218). The
wnifurmity

cmalt of w gimmich v
alwivus improvement in

of gain over the band which rennlin

,
j_ TUNING

RANGE
Fig. 12+16 B[ responae curvecapacitive coupling.

from the uaddition of w gimmick explainn why wuch
a capacitor is u part of almost any rf teunsformer,

In practice, it in not rany to caleulate the value
of the gimmick that will flatten out gain over the
drnired  passband, Hather than to enter into an
analynin of the complen coupling present in uny
wuch transformer, it will be found far simpler in
waost cases to determine tha gimmick value exe
perimentally, while meanuring overall performance
of the coil in a circuit mimilar to that shown in
IFig. 12-20. Since the value of the capacitunce will

toubtedly be mmall = ing in the order of
0.5 10 5.0 mmf in most Instances ~ a convenient
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weaan o finding the proper valuo may involve
M o skt Lengths of parallel line (two
vonduetorsimbedded inow plastic . inmulution =

. .
]..~ TUNING -.|

RANGE
Fig, 1217 Kef renponse curveemutual inductance
coupling.

/—\/—\

1
‘,_ TUNING
RANGE

Fig, 1218 Ref reaponse curvescapacitive plus
mutual inductance coupling,

FREQ.

waally polyethylene = uw whown in Fig, 12:19)
one end of which in noldered to each winding of
the tranaformer, alter which piceen are nipped
from the ather end until the denired cail perfor-
mance in recorded, At this point, the gimmick may
becoma a permanent part of the trannlurmer or it
may be  removed and ita capacitance meanured
after which a new capacitor of equal value can
e added in ita place.

Two  points of interest relative o ginmicka
might be warthy of meation ut this point, For a
comparatively wecwate  evaluation of the cap-
acitance reprenented by a gimmick, it in necons
sury only te meamwe the capacitance of w rather
tong pirta of parallel line — say twolve or more
inchen. Since the charactecistica of thin type of
line will be ralutively uniform, it then hocomen

12-10
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It

posible to entimate with a high degree of accuracy
the capacitance value of short longths of gimmick,
provided, however, that the conditioan of measure-

CONDUCTORS

Figo 1219 Parallel line used for gimmick capor
citors,

ment were held constant, Actually, in view of the
difficultien  cocountered in the measurement of
small valuen of capatitance -« an for example,
those of lean than one mmf = it will frequently be
found eatirely watisfactory: an well an much more
convenient 1o determine the value of gimmick
capacitance in terms of gimmick length,

"he mecond point concerns the effect that the
physical lotation of m ginmick may have upon
the performance of a transforaee, It must be re
membered that the gimmick doen not represent the
total capucitive coupling present In the unit, since
a certain amount of this coupling in the natural
result of proximity of coila and leads, It therefore
follows that the position of the gimmick with
respect 1o either of both of thewe parts of the
transformee munt inevitably influence the primary
to sccondury capacitive coupling, So great may
this effect be, that a relatively common procedure
in the <oil industry calls for the udjustment of
gain and bandwidth by varying the physical lo-
cation of the gimmick. Obviously, this very fact
points out the need for keeping the gimmick in a
ponition conmintent with stability under shock and
vibration. It in also apparent that peeformance may
be affectad if the gimmick is remaved and replaced
by a wmall, fixed capacitor,

Rl trannformers ure umunlly measured in a
circuit mimilar to that shown in I'ig. 12-20. If the
circuit in broken at the grid of the e-f tube - the
point indicated in the drawing by X = the signal
generator may then be connected hehind the transe
former, thum eliminating it from the circuit, and a
record made of the amount of mignal (generator
output voltage) required 1o produce a convenient
reading on the vacuum tube voltmeter, This rend-
ing i usually referred to an the standard output,
and the method by which it is determined as the
calibration of the output meter, (nce the output
meter  hus boen. calibrared, the connections are

returned  to thowe whown in Fig. 1220, and the
attenuator on the nignal generator ceduced (annune
ing that the deniga in much as to produce gain )
until the VIVM indicates stndard outpat, The
ratio of the twa attenuator settings then reprenents
the stage gain of the -l (antenna) trannformer
alone,

DUMMY ANTENNA
OH }—-/\/\/‘

STANDARD
SIGNAL,
GEMERATOR

MEASUREMENTS - THEORY AND PRACTICE
intermedinte  frequency amplifier, the image fre
quency would then be 1200 ke plux 455 ke plus
155 ke or 2110 ke, To determine image cejection
under thene conditions would simply beceme o
matter of finding the generator output necessary
to produce standard cutput at 1200 Ke and again
at 2110 hey with the ratio between the two values

N
4

I
2 i ¢ T

Fig. 1220 Typivol measuring circuit for mf transformers.

Of importanve in much a setup in the vulue of
the dummy antenna, Naturally, the cloxer this value
in to the actunl value of the antenna that will be
used, the more accurate the readings will he. In
nctual ice,the dummy antenna most often used
has the form and the value shown in Fig, 12:21 —a
combination whivh experience has whawn 10 be
representative of average antenna parametein,

20 uh
200uuf

400 N

400uuf
Fig. 1221 Standard dummy antenna,

Beaides the determination of the actual pu
band and the gain at various points within this
band, image rejection in an r-f trannformer chars
teristic which In unually of concernto the engineer.
In ‘a conventional teceiver which ham the local
oncillator operuting above carrier frequency, the
imoge frequency will be thai of the carrier plus
tvice the if frequency. For example, when a
broadcast recelvar in tuned to receive n carrier of
1200 ke and amwuming w conventional 353 ke
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being the image rejection of the particulur transe
former Leing tested. While thin In u compara-
tively mimple measurement to make, it may zome-
times be found that a simple VIVM will not have
the necemnary sensitivity te work with the limie
ted ontpul of an average mignal generator. In
such mtancen, @ more scnnitive detector such
ez a crystal in combination with a dec amplifier
(chopper) may be used as may alwo @ form of tuned
detector which nust, of courne, be calibrated at
the image frequency. —

All peeformance characterinticn of an r-f trans-
formee an, for example, i-f rejection, harmonic res
sponsen, mccond images, or other wpurious re-
sponwen, may be checked by the same general
messurement techniques.

It nhould probably be mentioned in passing
that  brcaune of the Miller Effect, the input re-
actance of the fiest e-f tube will vary with the

& impedance in both phase and magnitude.

ition in not particularly seriouw in well-shield-
edumplifiers using tubes of the pentode type. How-
ever, it in well to remember thut in cascodeor
grounded-grid amplifiers conditions may develop
such that individual stuge gainm cannot be measured
directly, Under wuch circumatancen, the best pro=
cedure weemn 1o be to adjust the coilw individually
after they are in place in the equipment, tuning the

12-1
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individual circuite with o grid-dip meter wnd menn-
uring the gain indieectly, much as conversion pain
in measured when grid nixing in employed,

I'F TRANSFORMER MEASUREMENTS

As win il W0 be the cnse with ol tranne
formers, the  characterintic prisary voneen
in the performance ul f wanmformees are the hape
and the size of the tenponse cueve ~ i wiher
words, the welectivity ~ and the gain of the pars
ticulur transformer,

Unlike ef tranwfariners, intermediate froquency
trunnfomers wre deaigned for the expren purpone
ol passing only a specific and uvaally con
tively namrow baml ol frequencien. The avtasl
shape of i renponnr curvew will be fouml 1o vary
kreatly with some showing the high gain, sharply
nelective chuwacterintivn represented by Fig, )
22, while othern are wide, double prabed, wnd
relutively low in gain an shown in Fig, 12:21,

FREQUENCY

Fig. 12:22 Response curve of high-gain, niumons
band, rf transformer,

To dencribe wdequately the performance of an
il transformer, it i necennary to know the bande
width at several pulnta off resonance, Thean points
are usuully expeenned an w0 many db down or wo
muny times down, The expression 2 timew down =
written 2X ~ meann the point at which the sutput
voltuge is one hall that at resonance, while 10
timen down, 10X, In the point whers the output
voltuge had dropped to one tenth that at eowanance.
Aw will be pointed vut later, the conventional
methed of determining theae points callw fur maine
tenance of & wniform output from the generator,
‘Therefore in practice, the 2X pointa are thuwe at
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which gensrator wettings of a magnituile twice
that at renunain e will produce standard ontput, with
the 10N, 100\, wnd 1000X point requiring out-
puts of ten, ane hundred, and one thausaad times,
respectively,

/ \

"I WEQUENCY

Fig 12201 Response curve of broad-band, double-
peaked, madrtate guin, ~f transformer,

In ingle wlage measurements, it will nsually
be found wallivient to take readings at 2\, 10X,
and 100\, while wn complete amplifier meanurements
it cuntonany to inzlude 1000X readings to pro-
vide n better idea of udjucent channel witenuation.

The circuit ahown in Fig. 1224 i reprencnta-
tive of thawr wnedl for measuring isf ntuge Kuin and,
by the point by -point method, the reaponne ws well.
Such  wrrangensits of componentn un thewe ure
known in the coil industry aw test jigs and re-
present by far the most common method of check
ing the nerlwmance churacteristion of high fre-
quency  transfunieen in coil develupment luboras
toriew

To be conplotely effective, wuch test jigs
should be conntiucted and aperated with due con-
sideration far -t Teust the following:

L The aigual generator should be terminated
in accontance with the recommemdations of
the manufacturee,

2. In nu far an is posnible, the circuit should
be repiracutative of that uaed in the end
equipmuent for which the trannformers are de-
wigned, OF pacticulae importance are lead
drewn, thannin layout, shielding between
citcull elemeata, tube type and connections,
ave blus, und tube shiclds ~ all of which
should tenemble the production model,
Boxie tuhes ~ thone with conter valucs —
shoulid e procured from the manufacturer
after due conmultation as ta their ultimate
applivation,

s,
g

1. Leads from both ignal generator and VTV
should be an whort an possible, and the e
of w probestype voltmeter i recommendod,

The power supply should furnish o well e
wlated and adjustabile valtage and should e
provided with meters permitting a conntant
cheek onitw perlormance,

SIG,
GEN. f——Jo}-—
1=J

MEASUREMENTS - THECRY AND PRACTICE

wethod, and it i the one in geneeal une throughout
the coil industey ot production tenting, An w labe
oratory or denign method, it is open ta aome critie
cinm, particularly W the case of extremely narrow
band transformees or high Q traps, sinee unlesn
rate v entiemely fow, there will be ine

cenponse 1o build up, wnd

VTIVM

Fig, 1224 Representative teat circuit for use with rf transformers.

Teat jign of this general type are calibrated hy
vonnecting the signal generator to the geid of the
wecond tube at the point marked X and, of couras,
to ground. The attenuator in then adjusted wntil
the vacuum tube voltmeter xhows a convenient outs
put indication which then becomes the stanlard
output, - Stage gain, which it should be noted in-
cluden the gain of the firnt tube, is then meanured
by moving the generator nection to the grid of
the firat tube and thea seducing the nutput voltage
by means of the attenuator until the VIVM ine
dicatea the standard autput value, wheeeapon the
ratio of the two attenuntor wettings will reprennnt
the »tage gain of the teannformer,

Sefectivity can be determined by the identivnl
actup, with the procedure tor fucating the X
being first to double the generator output o
nunce  and then to awink the generator th thowe
points above and below rewonance where stamdurd
nutput is obtained, In u wimilar manner, any dee
wited point may be obtained and a responae urvn
plotted from the readingn,

From the description of this procedurn, it ix
apparent that plotting a selectivity curve in this
manner in o sonewhat slow and laborious provesa,
As @ result, many engincers now use NWeRp Rehe
rrators in conjunction with oncilloncopen on which
the complete renponne curven appear directly, Thia
wywtem is very much fanter than the point-byspoint
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the indicated curve may not represent the true
peeformance of the unit vder test, Bhile unquent.
funably w vabuable wnd 1 ¢ maving method of views
ing transfornwer performance = enpecially inw
compurative mannee — it is recommended that all
high Q shamply melective componenta b hecked
during the wctual demign process by the slower
point-by-point methad,

MEASUREMENTS AN A BASIS OF TRANSHORMER
SPECIFICATIONS

1t wan stated in the opening paragraph of this
nection that elecitical meanurements ol high fre-
quency transforiers not only serve v definepees
formance but alwn provide o means of apecifying
fundamental  denipn parameters. Up 1o this point
inour dincusnion of measarements only perfomance
han been conmiderel,

Since it in frequently necennary to no deline a
transformer that it may be readily duplicnte
apparent that merely o record ita peefon
will not provide the infurmation aeeded to produce
an identical unit,

Propee apecilication of transformers in ane of
the mmjor problenm facing the coil induntry today.
There amoa nenionn fuek of knowledge anw 1o which
electrical parametern are wignificant and which
onew may be neglectedin dencribiag and spesifying
w  teansformer, Wecaune of this wituation, it is
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CwW 08C

MCW 0SC.

FOUR CHANNEL
RF ELECTRONIC
SWITCH

OF TEST)

O

OSCILLOSCOPE

)

MARKER GEM.

1

Fig. Rlock diagram of prioduction-type nf test equipment,

customary to uttempt to duplicate as nearly an
possible the actual operating und atructural (physis
cal) condition of the circuit, nud to tent coil pere
formance in a test jig o conatructed. So basic i
thin matter of tranaformer parumeters that it hun
been made the subject of w Siknal Corps sponsnred
Renrarchand Dovelopment I'ruject whichis currents
ly in progres,

Conmidered in the light of nccepted practicen
within the industry, there meems to be general
recagnition of the impomaibility — or at least of the
Improbability — of tully duplicating » high
frequency transformer by refurence only to dec
menswrements. la other words, the mere fact that

Cortract No. DA 36-039 40-64811 srtiiled **Charartorismtinn
ot bP Trenstormers'’,

1214

the ioductance and Q) of the primary and secandary
windings and the mutual coupling parumetern ute
available along with the physical measuremantn of
the unit and ita component purts is not to he tuhen
an ascurance thrt w unit with equal values of ihe
above parametera will kive equal performance, If
all & emanta were made on the same Inwtrye
ment by the same uperator using the snme toche
niques, duplication would most likely bo myce
esaful; but if, fur exanple, the inductance wnd
mutual were meunvred on two differeat bridges hy
two different operntor, It is more than likely that
the resulting coils would not be identical, Further
more, experience of the coil industry accumulated
over a period of yoars indicates that even in thone
vaves  where all mensurements are apparontly

duplicated, there still exints o firm busin for
le doubt as to the acvuracy of the re

o nerious is this problem, that little effort in
expeaded by the coil industry un nbrolute measures
mentn except for busic dewign pumoses. Duplis
cation of coils is ulmost wniveraally accomplished
through the use of so-called atandurds. The iden
behind the use of standurds in nimply that through
their uwe a way is opencd Lo weunure coils coms
paratively rather than abmalutely, thus muking
exact duplication much ecnive,

In practice, the system workn in this general
manocr, A transformer in nelected from among a
numbrr of unita us being reprenentutive of the av-
crapn pecformance desiredl. Thin particular coil in
acbitrarily designated um the stundard, whereupon
iU i wealed to prevent tampering, und ail paras
meters are carefully meanured amd recorded along
with the serial numbern of the equipments used
wnd the nume of the operator mubing the measure-
ments,

I'he wtandard having been approved, the next
step Iw to prepare a numbee of transformers which
match aw nearly as poswible the performance and
the varlous meesured parameters of the accepted
standard, These transformers 1o are sealed, iden.
tified,  measured, and all valuew recorded. The
deaignation  given to thin group of coils varies
within the industry with mome companies referriag
to themun masters and othern wn working standards,
In any cane, the treatment accorded the two types
of coiln differs sharply, The atundard ie stored in
a mafo flace from which i1 is taken only in the
event of acrious question converning values or per-
foemance of that particular coil, or for a periodic
cuech of the working standards to iusure that thay
have not changed in valua through use, neglect,
or willful uction on the part of production personnel.
The uorking standards form the banin for the actual
comparative  testing that conttoln the quality of
trannformers in production, 'Ta insure uniform
quality, it is customary tu check the working
wtandard ugainst the swndaed ot regular intervala,

It in apparent that thin aystem is one of come
parinon in which absolute valuew ure of little con-
cern, The use of atandurdu trpresents a system
which in not particularly watinfactory but which
doen powscas the obvloun advantage of minimizink
the nred for exact calibration and/or correlation
of incanuring equipment, Since, in practice, both
custamer and supplier have u atundard, and since
thewe coils were developad and checked by one
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operator on one set of equipment, succeasful dupe
leation becomes a matter of matching the per
formance of the standurd rather than attempting to
duplicate w series of abnolute values.,

thia exchunge o tards i accompanied
by information concerning the circuit in which the
cail wax developed, comparative testing becomen
catirely feasible and production may be held within

aatisfuctory limitw, Tn the =vent of disagrecment,
the  mtandurds are always availuble to both wup-
plier and customer and offer a means whereby
differences may be adjunted,

For those cuses where certain absolute means
urements are necessary = usually in the courne of
hasic design - certain precautions are exsentinl,
It was suggested carlier in this discusaion that
whenever possible, every porameter should be dee
termined by two different methods of meanurement.
In_this manner it ix pansible to maintaia a check
on the general accuraey of the readings since uny
Considerable error obtained by one system would
be evidenced by wide *arintions in the value of
the wame parameter aw determined by the optional
method,

A general check on the accuracy of equipment
can be maintained by periodic checking against a
standard  coil. Such coils may be purchaned or
they muy be made up by the user for a apecific
purpose. In every case they should be of nturdy
construction, exhibiting a maximum of ntability
and  should, if pownsible, be shiclded to uvoid
interference  due to wtray field phenomena, Once
denignated as stundurdn, thene coils should be
uned only for equipment checks and at wll other
times should receive the care usvally acconded to
ntandards of any kind,

Accurate meanuting of transformers in u test
jig by the use of u mtandard signal generator and
4 vacuumetube voltmeler requires certain pre-
cautions. For one thing, ot the beginning of the
tewt the output of the wignul generator should be
cornected directly to the VIV as a mutual check
of generator output and the meter calibration, It
is more than likely that w majority of cunen will
ahow some disagreement between the reading of
the vacuum-tube voltmeter nnd the indicated oulput
of the signal generator, Fortunately, this in not
too aerious, and if the disngreement does not exe
ceed 10 per cent, it will be possible to currect
for the discrepuncy and to record sufliclently
accwate stage gain measurements,

Once the vacuun-tube volimeter hun hoen cal-
ibrated,  the of the mignal g
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should ba chocked at all settings, If the gonerator
bas a pistonctype attenuator, it will mont probubly
be found i he highly accurate, 1f, however, the
signal gonerator I an older model uning u ladder-
type uttenuntor, the check muy bo expected to
indicate mowe dincrepancies between steps and
also between the top and the bottom uf the slide
wire. Should the errors be large, the  generator
should be toturned to its mannfncturee foe cepairs
and adjuntments,

When moking stoge guin meawurements, it is
denirable 1o avoid the use of modulation, By so
doing, fll advantage in tuken of the nccepted
fuct  that tho output accuracy o w mignul gene
crator in hent when the r-f carrier in wamodulated,
Care whould e tiken to uvoid overlonding a trans-
former undar tent through the une of tou high aute
put from the gonerutor, As far an poanible, it is
alwayn woll to heep the upplicd vultnge near the
level at which the transformer will work in the
end equipment,

Theve han been little in this diacusnion about
the problemn of drift in meanuring equipacut be-
caune the topic in n general one in all clectronic
devices, In vacuum-tube voltmeteia drift can be a
serioun matter erpecially il readings are being
taken in the vicinity of %1 volt. A good rule to
follow when using o VTVM is to alow the instru-
ment to operate for aome time with the input whorte
ed on itw most wensitive range = the setting in
which dilt will be most apparent.

= -y

|

l--.-.l--..

O

A S
Fig, 12226 Ladder-type attenuator.

It probably should be recogaised at thia point
that while it wos advocated earlier in this dise
cussion that winge gain meaaurements be taken
with a constant output and a variable infuat, there
are englneern who prefer to work with a constant
input and w varinble output, Either wystem can be
uaed, but It ie generally accuptud that the attenuae
tor of an average signal generator In more accurate
than s the average voltmeter mcale. By holding
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output conntant, in a stage gain measurement the
VEVM actunlly serves more ws a galvanometer
than an a voltmeter, and o higher degree of ace
curacy in theeefore maintained in the readinga,

In all instances, wotupn should be planned
to wtilise the shortent punnible leads.. Thin in
particuluely true at high frequencies and is illuse
trated by the fuct that Teadn with a length of only
2 dnchen can, when inwerted between o mignal
generator and o conventioaal high frequency,
probestype, vacuum-tube voltmeter, intzoduce errorn
of wp 1o 20 per cent in meanacements nade at 100
Me. A wimple test to detennine whether lead length
is intraducing o measurement coror consists merely
of waking alight changen In the length of the
connectionn and noting the difference, if any, res
multing from the new leadn, If no change in reade
ingn in wpparent, it may be axswmed that the leadn
are ot introducing an wppreciable eror into the
mensurementa,

Fig, 12:27 Piston-type witenuator,

No i of hoi
would be mmplel: if it did not include menllon of
thoae nignal generators whone & to 10 per cent of
harmonie content in nha output produce false fae
dications on peak Re ype, yp
voltmetera, ‘Th len, bol !

operated crystals, and B(hrl typos of m.e nn- oute
put meters are lesa affected by high harmonte
output and are recommended for une with carriers
high in haemonic content, In extreme casen, aw
for example, when measuring @ high-pans filter
atage, it may be found ndvinable to use a tuned
outpet meter which might take the form of a stable
recelvee capable of detecting only the fundamental
of the currier, thus effectively minimizing the ine
fluence of the harmonica prewent in the carrior
wave,

MEASUREMENT OF IMPEDANCE

It In often desirable for the coil designer to
quickly determine the impedance (dynamic resiate
ance, 1) of purallel reaununt clecuits without dise

R e S———

turbance to the circuit aswembly, Thin cun be ac-
complished by the use of the Boonton Q-Meter and
a suitable coil (hereinaftee called the R, Coil),
baving o minimamQ of about 200 at the measurement
frequency, if uncd on the 250 Q-ncnle of u Model
260\ Q-meter or 50 if used on the 60 Q-ncale. The
system han nome limitations ingoned by the ace
curacy of the Q-Meter and the shill ol the operator
in making thin particular type of meanurement, but
many find it uneful and it is prenented hee in de-
ference to those engineers who mulacrile to this
method,

The R, Coul should peeferably be whielded to
avoid mtray elfects” from xurrounding objects, of
sufficient
frequency with the Q-Meter capavitor and have an

o whea tuned to resonance of the wrder of the im-

inductunce to tune to the measurement

pmm to he measured.* Thus, when the R, of the

e under measuremént equals the [ of the
R‘1 coil, the Q-Meter deflection will be exactly
Yalved, the prerequisite for maximum precision of
measurement. For higher values of impedance the
250 Q-ncale ahould be used and for lower values
of impedunce it is desirable to use the 63 Q-scale.

Measurement Procedure

The Q-Meter setup for the R, meanurement of
a typical 455 ke double-tuned transformer is shown
in Fig. 1228, The high and low poteutial terminals
of the R, coil are connected to the high and low
potentinl “coil terminals (A und I3 rempectively) of
Q-Meter. All low potential terminals of the trans-
formee, including the shield, are connected to the

ground terminal C of the Q-Meter wn nhown. The

MEASUREMENTS - THEORY AND PRACTICE

dynamie  rewistance of the N corl in firnt de-
termined wn follows:

Conveet the high potentinl tormimnaln of the wes
condaey and peimary (grid and plate terminals 1
3, rempectively, to ground thereby shorting hoth
teannformer windings. Now wdjust the frequency
dinl to the denired frequency (in this cane 455 he)
and tenunate the R coil with the Q-Meter capacitor
and record the Q and renonating capacitys desige
nating them as Q, and €|
cilic evample of record, thene values were foundto

ber Q=200 C,

venpectively. In @ spes
LR SO

Then.

- i . - 154,100 ohmn.
6.28(4551108(355) 10~ 12

The dynamic renintance (1, ) of the secondary
in neat determined, leaving the capacitor setting
and frequency dial untoushed. Teeminal 1 of the wes
condiry in connected to the high potential Q-Meter
capacitar terminal D, meanwhile maintaining the
peimary nhorted (terminal 3 to ground). Now tune
the mecondury of the trannlotmer for naximum dee
flection of the Q-Meter, uwl record the resding un
Q,. In thin example Q, wan meanured aa 160, Q,
(K, conl wlone), of courne, remainn 200,

SHIELDED H
Rd COIL ', |

|
!

]
1
[
[
!
|
—

—To——————o l -o1—
O~METER TERM!NALS

T

CH!
| 21
lszcw

[ S
TRANSFORMER UNDER
MEASUREMENT

Fig. 1228 Top view of Roonton Q-Weter Terminals showing coil connections
for the determination of R 4

o pes Senttcn 14 for o detatled analy
paratlel Tasonant clreuits this tov. o
T e et 1 the purallel love restatarce (g o thy colts
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Them
™ My, - R [0.0-"0;] where Tla ia the

dynamie rewintance of the auxiliary coil (R, soil).

o= 1541(109) ( 160 ]ul.‘n.loo(i)
.

200+ 160
= 616,400 ohinn,

The dynumic resintance of the peimary R, is
next meanured in identically the xame manner with
the Q-Meter capucitor setting wnd frequency dial
still untoaehed, The mecondary in whorted (terminal
Lin connected to ground) umd the jeimary (terminal
3 in connected to terminad D of the Q-Meter, The
primary i adjusted for maximum deflection of the
Q-Meter and the Q reading recorded an Q. In this
example Q) merwured 147,

Then g, = 1582100 [ 147 | - 15ta00 2.1

200« 147
= 426,100 ohma,

The wffoctive primary impedunce with the se-
condury coupled Ra . ia nest menswred, Q-Meter
wettings atill being the mame, Terminal 1 is dise
connected from the Q-Meter ground, therehy removing
the wecondury mhort circuit and the mecondary cire
cuit adjunied for minimum Q-Metor doflection, Q.
In thin cane Q, was measured an 113,

Thea T,y = 158109 [ 113 )5 100013y
(r 0e)

k)
(200113
= 200,300 ohma,

s used to determine the ratio of

This transformer In avercouplod by 7% due ta
the lact that it has been menwwred unlonded. Nes
checking withthe pimary wnd necondary shunted by
remintica aimulating the output and input resistance
of a oo 414 tube, eapect (050,000
b und 3 megohma) wo find the following:

Ry, = 1541009 [m'“ﬁ,, ] 154,100(3.44)

* 530,100 ohmn,

15410109 [ 1M )15 10001.0)
200 - 101 |

» 292,800 ohmw,

Ranear = 15410100) [ ] - 154,100(1,08)

104
200 104

* 166,500 ohnin,
e l’ 1"_ 1. J( '*):n}?o
Wi v, 106,500

Thin nhows the trannformer 1o be 12.5% undere
coupled when meanured with a load equivalent to
the loading supplied by the tubes under operating
conditions,

CONCLUSION

An understanding of the various equipments
and techniques used In the meanurement of high
1

ent of coupling to the Hici
at eritical conpling according to the following equa-
tion:

=1 where 7 = Xnctual
critical

T 3am00 71
-1 [ miea ]

) y in runential to a well-ine
foemed coil engincer. Taward thin end, it is urged
that cataloga of the varioun teat rquipment nianue
facturern and the instructinn books that accompany
their inntruments be studied carelully,

Flectrical measurement |nw Inrge subject which
han been dealt with ot length in many standard
test bookn. It bas been ponsible here to present
only the bare fundamentala of the most common
inntruments and techniquen, Many common methods
= lor exumple, thowe Invalving beat-frequency

techniquew = have been omitted in the interest of
brevity,

It in hoped that this discussion = will have
served to puint out to the reader nomething of the
impotance o in the dewign and

MEASUREMENTS - THEORY AND PRACTICE

apecifivation of high frequency tranafocmern, If it
haa contributed to an underatanding of the problems
surrounding mpecification and duplication of thene
unita, It will hive served ita purpone,
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GENERAL

Many precantionary measuren and short-cats
are used in every industry. They may vary from
novel shop practices which are nol wiitten into
manufucturing npecifications to prevantivnary nieas-
wres that ull well known by these who are experi-
enced in the wt,
SIMPLIFIED METHODS L MAKING LXPERI-
MENTAL PARTS

Plastic materials, high frequency magnetic
cores and ceitain other parts are inepensively
peoduced In lwge quantities by hikh wpeed pro-
duction methods employing expenaive tooling.
The production of sample quantiticw vl coils and
transfurarn requiring these pasts and naterials,
for which there are no production touls, preseats
o major peocurement problem, Such purty and ma-
terials can, of course, be machined Individually
in a model whop. This is costly andtime consuming.
Following are muggestions for muking sample lot
quantities of often required parta.

A Mehod of Muhizg Malds for Cast Plastic Parts:

fn the dovelopment of a new tranuformer de-
wign, it ia often necessary to huve umall quanti-
tien of non-standard plastic parts, As was pointed
outinSection 6, plastic molds are espensive items,
and when uce completed, do not rewdily permit
the introduction of changes in the molded parts.
Until very recently, this fact placed a severe
restriction wpon the desiga enginrer who wished
to try out now and different methuds of assem-
bling electronic parts made from plantics. The
only possible solution bas been to machine the
desired shupen from larger piccen of the desired
ic matorial, Obviously an exponsive means
end, In the case of pilot runs to test out a
design, It has proved a most impeactical system.

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/27 : CIA-RDP81-01043R003100230009-9

Today, however, a sinple meens of making
wnall quantitien of even relatively complex plastic
partn in available ot low cost o even the smalleat
laboratories.  This system combines the use of
canting reninn with plastisol moln,

Plastisols  are  paste-like  dispersions of
polyviny! materials in a liquid plasticizer. They
are ennily compounded to pruluce any denired
degree of rigidity following fusion at 350F.
Available at moderate cost from a number of
sources, these materials can be used to make
mimple molds capable of producing up to fifty or
more plustic parts before reaching the end of
their uneful lives. Conventional steel molds for
producicg typical iof and rf transformer plastic
partn fee quently cont hundreds of dollars, wherean
plustinol molds to produce cant-plastic parts of
the manic shape can be made for a few pennics,

A mnjor advantage of the process lics in the
fact that no claborate equipment is required and
that neither special skills nor any knowledge of
chemintty is needed to make good plastisol
moldm.  An oven capable of sustained hest at
250, a reasonsbly accwate balaace or scale
for weighing out the materiala, and avitahle
mixing apparatus comprise the necésmary equip
meat.

The basic mixture consists of
100 parts resin (Geon Paste Resin No. 121)*
70 parts plasticizer (Plesticizer G.P. No. 261)°

To this is added 2 parts of stabilizer (tribasic
lead phosphate)®® for every 100 parts of resin.

The recommended mixing procedure calls first
for welghing out the desired amount of plasticizer.
To this is added the renin, and the mixtwe s

* B, 7. 0codrich Company

*0 Notional Lesd Co., Drockiyn Mo ¥o
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tireed thoroughly, ulter which the stabilizor in

widod. Thorough mixing In necessary for the

wuceenn of the procesw, Unlean atirred to the

point where the mixture in nhmolutely uniform nnd

free from lumps, the finialed molds will have viny
halen throughout the plantixel,  The use of @

Jdevice nuch an a Fariug Wendor provides a most

watinfuctory aeann of inwuring thorough —mixing,
but where such a davice Iw not availuble, matine
factory remults cun bo obtained by the une of w
mortar and peatle, Miving by simple wtirring in
not impossible but will be found to conmume w
great deal of time nince the renin “weta” wlowly
in the plasticizer.

The degree of flewilility preseat in the fhual
product may be controlled by varying the amount
of plasticizer in the mixture. The proportion given
abuve icpresents gowl wverage and the _..u\n\
wt which experimentution whould start. 1 it ape
poara that u more rubuery materiel would be do-
P icuble, the umownt of planticizer should be ne
crenacd; if a stilfer materlal is sought, the pros
portion of resin ahould he Iincreased. In practice,
it will be found that the contours of the piece
being moided will in large meusure determine the
type of plastisol to he uned, For example, the
prenence of underculs on a piece createw n tes
quirement for & mold which will stretch ensily,
thue relensing the plece without damnging the
mold,

If stored in temperaturen in the order of 40,
plantisol mixtures may he kept for weeks without
danger of spoilage, Thin meane that & quart & w0
can be made up at u tima, thus serving the neadn
of an average ' laborntory for several weeks,

To make a mold, (i ls unly neceasary to make
from metal or wood ona plece of the exact mize
and shape desired. ‘Thin plece is then placed on
the bottom of a metal containce (such as a cun In
which typewriter ribhone are shipped) and covered
with the plastisol mixture to w depth of frow un
eighth to a quarter of un inch. Tts contuiner in
then placed in a 350K oven for a period of time
suflicient to bring the mans up to the temperature
of the oven. The actual curing proceas in one of
fusion, which meana that timiog is not impartant
w0 long as the materlal bocomea heated throughs
For the average small mold 15 to 25 minuten will
be aufficieat after which the mass can be remaved
from the oven and allowed to cool.

point, it will be found that some whrinke
taken place and the mold may be readily

o

e

Iy

removed from the motal holder. The plece can
then be removad by flexing the mold which i» of
u rubbery nutwe, 'This should be dona carcfully,
of course, tu uvohl tearing or damaging the mold,
and the mold ia then ready to receive lta lirst
“shot’ of cantlng resin,

As simple an thin process is, it in capuble of
a high degree of accuracy, and is ono thet can be
uned with piocen of almost any whupe, including
those wiih negative draft or with undercutne Tt
offers the cail sugincer an inexpennive aad fast
means of molding mnall lots of plastic parte withe
out resorting to the une of conventional metal
molds and requitiing no more equipment than in to
be found in the averape coil laboratory.

Special Shapes of Pirwdersd hon Cores:

‘The devalopment of new coil types. expecially
those involving miniaturization, often tequires
coer  configurativ hat are not cusilable from
existing toolw, It of course, impractical to
have tools prepured to produce, by conventional
production methadw, the few cores that ure neces-
sary to prove out an ides.

Sample quantities can be machined without
i Ipment and within lly short
time il proper propurations are made and followed.

Chapter 3 on Mauetic Materials gave wuggeations

for machining powdered iron cores and muggeoted
weveral typen of grinding wheels known to ‘give
satistactory renultn,

The following sugkrstiona are offered:

I. Do not demign or make samples of a part
which In not practical for mass production
by preawing or other established production
techniquen,®
Obtain from a core supplict solld Llanks of
the required material which we as near to
the desired aize, at least in diameter, as iv
possible, Mot core manufacturers have stand-
wrd toole Ior producing cylindrical cores in &
wide range ol mizes. Check their catnlogues.
A blank that |a longer than required will allow
materinl for chucking in a "athe of other ma-
chine tools
Inside diamelers or cavities should be first
machined In & luthe with a tool poat grinder,
operated st high speed, using wninll mounted
grinding wheols,

Outside grinding operations including thread-
ing should follow the inside machining, The

Beo parszaph on *Practical Shepes®® on page § of Seition 3.

cutoff operation should be performed lamt,
uning a small thin grinding or catting wheel,

8. I several identical cores are to be made it
may be advisable to perform the same operation
an cach of the sumplen ruther than attempt 1o
comnlete all operations on 4 core belore
ntarting on the next one,
If facilities are available, cooling the partw
during grinding with an oil such as DAL Stuart
il Co., Superkool 201, is recommendud,
“Thia not only prolongn the life of the grinding
wheels and helps to produce a smoother fininh
lut also will prevent the fine iron pasticlen
removed from catching fire.

Special Shapes of Ferite Cores:

Fertite cores, like powdered iron coren, we
often required for developmental purposes in shupaw
that are not nercially tooled.  Ual Iy,
they wre not cusily producd by machining operus
tonn (sce Section'3, Machining Ferrites).

Duc to their extreme hardness they ure diffis
cult to grind and even dinmond grinding wheeln
do not prove entircly satisfactory. Cavities or
holes are even more dificult to machine thun
outaide dimensions,

1t i possible to perform machining operations
on unfired or pwtially fired femite material but
complete  shrinkage data and proper facilitien
for the high temperature firing muat be available
Thia generally requircs that the machined pieces
be teturned to the ferrite manufacturer for final
firing,which is very unsatinfactory from the stand-
point of time and cost.

It is recommended that in cases where special
ferrites are required the desigoer work with »
relinble ferrite manufacturer who is equipped to
completely fabricate whatever in recesaary. The
denign of the desired purtw should be carefully
dincunsed oo that development in not centered
wround a part which is impussible to produce by
preduction metheds,

WINDING SUGGESTIONS

There are a aunher of well established ahop
practices that are very helpful to tie engineer
who must produce bis own developmental samplen,
1t is muggested that Section 10, Windings, be re«
viewed as additional material to the following,

Measurement of Coil Spacing:

The physical act of accurately measuring the
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apacing betworn twa coils of either nolenoid or
univernal typs in not a nimple problem,  Several
methods of measutamant are commonly ewployed
and epecificutionn nlould reflect the inntrument
uned and the pointa bhetween which the meanures
ments are to be tnhens

Among the instinments foc the meanuremer  of
coil spacing, listed 1 ancending order of ae. aras
cy, are the ncale, vernier calipers, and the optis
cal micrometer,  While gocd steel aenlew can be
uned with a relotively high degree of wecuracy by
w skilled operator, rendings taken in thin munner
are subject
nufficiently

to et in duplication and are not
atcwmats for close tolerance truns-
Vernint endipers repreacnt o compromine
between the  low cont and low accuracy of the
wcule und the high vont and very much higher ace
curacy of the optival micrometer, With the “fine
idesoutside™ type of calipers readinge iy be
taken cither hetwern the inside sucfaces of the
two coiis or between the outside faces. Newnon-
able care on the part of the operator should remove
the possibility of damage to the windings, und
expesience will woon dictate the amount of press
wure which can be mafely applicd when the teading
in taken.

For accurncy, mn method of meanwement of
coil spacing eyualn that afforded by the optical
micro; Thene inmtruments conaint merely of
a low power mitroncope, equipped with cross
haics, which moves luterally on n bed driven by a
micrometer screw, Nt only does thin (natrument
peovide a highly acvwinte means of meanurement,
but it offera the funther advantage of operating
without the necennity uf physical contact with the
ubject being meanured, thus removing all possible
danger of damuge to the windings.

Another une {iv which an optical micrometer
will be found of value in a coil laboratory is for
measuring twna |n a solencid coil made from
small wire. Dy starting with the crons haira just
nt the right of the fitat turn and then moving from
left to right ucrons the winding, an accurate count
can be made ~ ngain without danger of damage to
delicate wirem,

The exact point at which measurements of coil
spacings should he taken for specification pure
poses is & subject on which there is no universal
agrecment within the coil industey. From o theow
retical atandpoint i would appear that mpacings of
univeraal windings shiuld be mpecified from center
to center. In practive, this is difficult and ime
peactical becaune of the problem attached to loca-
tion of the exact venter of a pi winding, Far more

formers.
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worhahle are the systems calling for measurementa
Lutween the inaide faces of the two coila, or from
the tuwbde face of one cuil to the outside fuce of
the her coile Tt owill bo noted that the latter
methwl i effectively the mame ax meanuring center
1o verter, puiticularly i peclurmed in both direce
tiunn wmd the results averaged,  Scale measures
mentn macde in this manaee will be fourd to corre=
wpoed clomely o vernicr caliper meawurements mada
cither hetweenineide or outnisdefuces,

When in ncurch of accwnte meanurements from
whivh to specify design procedures, it is well 1o
meanuge by st leant two methodn und to average
the renulin, since only in this manner can Ve ene
wincer eliminate to the mavimum extest the poms
wiliility vl errors in hin meanurementa,

o tanoid windings preacnt a somewhat different
problem in measurement. I peactice, few molennid
windingn will be found in whith the leads leave the
) Tewmm b exactly the mame ungle. Since varlar
viona in th gle will be rellected in variutions in
In wpacing if measured wt different points, the
problew becomes one of chooning on identifinble
point at which to take ull readings.

Oune aystem which han given good resulta calle
foe the meusurements to L taken between the outs
atde ol the first turn of the peimary and the atart of
\he wevond turn of the wecondary, With eithev un
optical micrometer of wenle, this restriction on the
T atlon st which the rendings muat be taken poses
o problem, and it docs have the very positive ade
vantage of defining the method acd location, thus
tnuteaning the ponsibility of duplication of readings
by Wifferent operator:

It should be atressed that in the matter of coll
meanwrements it is of the utmost impoctance nol
nly to make all measwrements in the same mannor
with the same sort of meanwing devices but also (o
apeeily clearly the exact manner in which the
o aow.nents are to be taken. Only when such

are followed, can there be reasonnble

proceduren
duplication of transloemers will be sucs

hope that
o wululs

Control of Inductance:

DProcise control of inductance can be a problem
ol considerable maznitude in the peoduction of
close tolerance windinga. Because such varinblos
we wire diameter, coil form diameter, wire tension
O\ mumber of tuns may, and do, bave un effect
upon the inductance of both solenoid and unlversal
winlings, some simple mothod for adjusting the
final inductance valus ls nocessary if excenalve
tejoci are to be avoideds

13-4

SPACED TURNS FOR ADJUSTMENT —

Fig. 13-1 Solenvid with spaced end turns
for inductance adjustments

In the case of wolenuil windings, this adjusts
ment can be uccomplished by the relatively aimple
expedient of winding  lurse majority of the turn in
normal fushion aad then when near the end, spuce
Whe final turns of the coll in u way permitting phyn-
feal adjustment (Fig. 12.1) (positioning) of thene
torns to add or subtract intuctonce. This system is
commonly used in the cuil industry as a moans of
matching inductancen wil alao for trucking oncillae
torn in radio receivors,

The actual adjustment of the end turns in usu~
ally done with the coll in an oscillating circuits
Obwiously, vasnishetrented coils capnot be ad-
justeds if such treatment is specified, it must be
applied following tent and adjustment. Some quicke
weiting adhesive munt Lo applied at the timo the
leadn are positioned to inaure that the coils retain
their actting.

Universal coils which full outside of tolerance
w which mst be adjunted precisely peenont &
aomewhat more difficult problem. The very nuture
of universal coils eliminutos the method of ndjusts
o ecammented for wolenoid windings. Migh
inluctance can readily be comrected by the removal
of tuns = providing the windings have not been
varnish-treated or otherwine encased in a manner
jeeventing wnwindiog. 1t whould be kept in mind
that universal coils, hecause of their large number
of turns, are less critival with respect to variations
in total turns than ere wolenoids, In other woeds,
in  small winding,of nay neven tuns, & vatlation
ol one-half turn may renult in an inductance value
far outside of an acceprble tolerance, whereas in
high inductance univoraal windings, & varlation of
10 to 15 turns may atill produce an acceptable
unit.

While obvioualy, the exact degree of varlatlon
{rom the specifiod number of turns that can be tole
ecrated in a winding is a mater to be decided in
vuch individual caoe, u good rule of thumb to guide
coil design is to holt amall solenoid windings to
plus or minus one quarter tun and univerasle to

CEMENT THIS AREA TO
WINDING  PERIPNERY

DIRECTION
OF
WINDING

Fig. 132

plua or minua 2 turns in nwall inductance valuew
and up to perhaps as much an plun o minus 1% of
n}tc total number of turns in the came of large coils
Since mlern winding muchines ure equipped with
automatic stops, accurate to within one turn, wide
tolerances, even if perminrible, need not be ace
cepted in most cases.

Becaune the average univernal cail is somewhat
springy in natwe, it is poanible to introduce
certain amount of inductance varlation by squeesi
the winding. The result of thia .q..e.;;..: :'(;:f
foflmng of the winding is & displacement of turnm
w.nh a connequent change in the {lux linkage within
the coil. The extent to which a winding may thus
be adjusted depends upon e whape and size.
Since this procedure may alwo alfcct the Q, it
follown that inductance control by delormation of
the winding is an individual peovess, the exact
details of which must be determined by each cuse.
Squeesing the winding to a swaller diameter de-
creases the inductance while Incroasing the
meter by queezing parallel to the cail axi
creanes the ind Many coil companies have

=l
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CLEANED AND TINNED
gl
SEVERAL REINFORCING

STRANDS TWISTED

FINISH LEAD TWISTED
WITH REINFORCING STRANDS

Method of L.ead Reinforcement.

Reinforcing of Coil Leads:

; Fhea it is kaowa that the leads of a coil wound
rom magnet wire of wize No. 35 or smaller are to
be wubjected to conmiderabl

; 4 amounts of handli
[IM;“}E often be found wdvantageous to reinfuece
hoth the start ini
he }.n.k:;,, and fininh leads to lessen the danger
Nearly every coil
, y coil manufacturee h
ticular method of wee e
crally »
of the ad: ition to the coil leads of a loop of aeveral
Lurno of wire having a wize somewhere in the order
of No. 36: and the mame type insulation as in uned
in the winding. This wite may be wound in the
form of a hank uwing pine for spucers. Once roe
moved from the pinw, the wires are twisted a fow
times, placed along side the lead to be atrengthe
encd, and then fastened in place.
In the case of a wtant lead, this latter operation
may consist mimply of cementing the reinfurced
lead to its proper pluce on the coil form und thea

adopted the use of wooden pinchers by which coils

may bo mqueezed eicher putallel to the axis or st

right angles to the axis, thus introducing a aubs

stantinl amount of the demired ty|
) indi

° e of corre
ioto th K dzn‘

Suc!
action must be used with cautlon to prevent ind

te
ance deift which will reault i d\tP':w:- ‘:l ‘:;n
squeeisd windings shift poaition.
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» ding with the winding operation, For the
lini;h llel-d. the plan shown in Fig. 13:2 may be
used. Here, it will be ween, the rei i

et e
-!uncd in the same direction as the coil in wound
Since the coil lead becom s 1 part of the reinforred
lead during the tinning process, the result is the
faemation of a small cuble which is firmly attached
to the coil and therefore werves as a support for the
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very delicate coil londa,

The uae of rolnfurced leads is particularly
recommended for thowe cumew where large fnducte
ancos nre wound with extremely small wires,
munt be reembored that m start lead, beoken off
clone to the coil, reprements an item which can be
neither be used nor repaired. Finished leads can
ften be repaired by carelully removing a turn w
two from the coil and then recementing the point of
\ermination . Obviounly, this method is poanible
only in windings having a largs number of tuna
where the loss of twa e aven more turna will
have a negligible offect wpon the cverall charuce
terintics of the coils

As o matter of practical interest, in the case
of very smull wires (Nu, 39 and smaller), no ate
\empt should be made 1o looaen the end turns withe
out first applying  molvent to soften the cement,
Needless to say, the mulvent used for this purpone
ahould be compatibla buth with the wire innulation
and the treatment matorial,

Handling Lita Wirs:

The manufacture of high Q coils often necens
sitates the use of siranded d !

o mora In witea having 12 or more strands, The
aunber of airandn that can be permicted whould be
goveraed by whatever decreuse in Q can be tol-
erated Lelow that obtained from an average coil
having all strands,

Stripping Formes (Kormvar) Wire:

Thero are twa common methods for the removal
of Formex (Parmvar) insulation, mechanical and
chemical,  Fach have their undesirable and desir-
able featuren wnd brief descriptionn of each are
included,

Mechanicalt

For labwratory purposes where relutively few
wires are involved, the aimplest method in to care-
fully remove the inaulation with a small piece of
sandpuper hold between the tips of the thunb and
index finger, I vare is exercized, even litz wire
may be steipped by this method without breaking

atrands and no elaborate or expensive crquipment is
required.
For .muss prosduction operationn, mechunical

atripping is beat accomplished by rotnting wire or
fibrecg!

known as Litz wire. As shown by the curven of
Fig. 14 in Section 1, the effectivencas (Q) of
Lits wire coils drops off rapidly as straods are
broken.

k is neceasary to contact all strands when
ninking connection to the winding. When solders
able® wire is usod in the make-up of the Lits it
is not difficult to contact all strands since the
entire group can be wrapped around the point of
connection and soldered together without ficet ree
moving the insulation from each individual strand.

When enamel or Formex wire is used, remaval
of the insulation ls required prioe to soldering, It
is advisable to exerciae extreme care during re-
moval and then to twiat the strands together ond
Uin the twisted group o that individual strands will
not become separated ur bioken when connection is
made to lugs or terminale,

Windings should be checked for beokea atrnnds
after soldered connections are made. This can be
performed as a nimpla resistance test allowing
suitable tolerances to cover the gumber of broken
strands which are permiited. It is common com=
mercial practice to allow one broken strund ln
wires of 3, 5 ot 6 stranda and as many as two in
Lits wires having 7 to 10 etrands and poseibly 3

o Wire whoeo lnsulellen eosilng lo resdily removed by (he
heat of @ scldering spermtion, See Section U, pags Je

brunhen, Machines available commers
cially* for perlorming this operation conniat of s
auitable chaswie for bench mounting, having two
amall circular wire or fibre-glass brushew revolving
in oppenite directiona, The end of the wire to be
stripped in loneried between the revolving brushes
and the insulution in quickly removed. This equip
ment can alan be used to remove fabric inwulation,
as well an Formen or enamel.

Cara must ba excrcised to see that the brushes
are kept ia proper adjustment, to avoid nevere abra-
sion or Lrekage of atrands during the siripping
operation. Ona nlvantage of mechanical siripping
is the absencn of chemical elements (nee fullowing
discussion ol themical atripping) which may later
cause corronion of mmall wires resulting In reduced
perfoemance o even failura of the winding

Chemicalt

A solution of 85% (C.P. Grade) Formic Acid is
maintained In n nuitable container such as @ bea
er or bottla and u thin layer of Mineral Oil (C.P.
Grade, chomically neutral, sulfur free) in floated
on the surfaces

The wirn to be stripped is immerned in the
etripping solution to the depth of the required strip
and allowed 1o romain until the insulation has
aoftencd, Thin may require between 30 and 90

© Rusk Wire buripper Division, The Eraser Coy, Inc., Syre
.Y,y Madal Dot
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anconds, depending upon the aize of the wire and
the thicknesa of the innulation, Immediately after
removal from the solution, the wire is cleaned of
itn inwulution by wiping with a clean, dry cloth,
wuch an clinical guuze or equivalent. It is impore
tant that the stripping wolution be kept from un-
wanted portions of windingn, eithee by splashing,
operator’s hands, or wiping clothe, The stripper
in irritating to the akin and contact should be
avoided, 1f it comes in contact with the skin, it
should be immediately removed with soap and
water.  Food should not be brought into the work
area,

The chemical method doew not cause breakuge
of small strands, due to reduction of diumeter, an
in often the case with mechanical atripping. There
are mone who feel that it in impoxnible to entirely
remove the chemicalw subxequent to  stripping
and the une of this method, therefore, reprenents
 putential source of trouble thereafter

There are a number of methodn for chemically
removing Formex (Formvar) in whlition to the here-
tofore deacribed.®

EXPERIMENTAL DETERMINATION
OF COUPLING

One of the very necemmary operations in trans-
foemer deaign is that by which the proper degree
of coupling between primary and wecondary wind-
ingw in determined. Many attempis have been made
to reduce this determination to one which can be
wolved mathematically in termw of a physical are
rangement of two coils, Unlortunately, no simple
procedure has yet been evolved, and the combi-
wation  of magnetic and cap e coupling that
in the natural result of coil separation, coil size,
lead placement, and other faciors of equal import
han wuccessfully resinied all but the empirical
wpproach.

1t therefore has becomn standard practice in
the coil industry to finalize any denign by empiri-
cal dotermination of coil spacing. This is, of
course, an operation which munt be performed with
care — purticularly with reapect to uniformity of
Jend placement in succeasive teatn and also in re-
gard 1o the handling of the colln o as not to dam-
age them or change their charncteristics.

Probubly the easiest and most common method
for producing varinble apacing iraosformers in-
volves locating one of the windings on a very thin
*rtethods of Ree

Wire® by K. Jo
Electric Review, June

® Por other methods, 1o
moving the Insulsting
Piynu and O. W. Young, Ge
1948,

TECHNIQUES OF FABRICATION

coil form whose 1D i much as to just fit over the
regular form. Commonly called a “slider’’, thia
collur allows relatively free movement of the cail
wlong the regular form, thuw making it posnible to
locate the point of desired coupling with « high
legree of accuracy,  To accomplish this n ningle
layer of No. 40 wite is clone wound directly ovee
the coil form mpprovimately where the denited
winding will eventually be locuted.  This singles
layer winding should be slightly longer than the
length of the desired winding and one ead shonld
be accensable. A layer of thin paper is placed
over the winding and the denired coil wound over
the paper, after which the ningle-layer winding in
pulled out from wnder the paper, leaving the des
wited winding slightly luane on the coil Torm. Thin
cnables free movement for purpones of wdjusting
coupling, without danger of damage 1o the winding.

In using # varinble coupling sct-up of thin gen-
cral type, it is udvinable to begin the nericw of
mensurements with the coils widely spuced. Thin
normally should reprenent an uader-coupled cons
dition, the presence of which would be substantic
ated f the second reading taken with the coils
moved closer together were to
and wilder bandwidth,

cute higher gain
Successive adjustments of
npacing accompunied by gaio snd bandwidth mean-
wrements will estublinh the proper apacing for whate
ever degree of coupling in desired, After the cor-
rect spacing is empitically entablished, it in rece
o ded that several be wound in
accordance with thin established spacing, wo that
the correctness of the dimeanion can be verified,

GENERAL  PRECAUTIONS
VARIOUS MATERIALS

FOR  HANDLING

Coila and transformers are comples components
made up of many materiale and the failure of any
one may result in the failue of the inductive com-
ponent.  Many matcriuls are entirely satisfactory
when operated o used 1n o suitable environment,
or when properly handled, but muy be unsatisfacto-
ry when improperly uned or handled. The following
muggestionn are given o guis

tron Cores:

Some type of iron coren are attncked by wol-
vents or hot wax and may disiniegrate under such
conditions.  If windings which are to be imprege
nuted in hot wax of coil lacquer use iron corew, it
in advinable to muke sure thut the core muterial
in not aifected by the impregnating material,

13.7
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Hondling of Mica:

Mica ia often used a= the dielectric foe capace
itorn either as silvore.. mica or between metallic
plates. In onder that the Q of such capacitorn ros

13.8

D

N "

main as high as posaible under conditions of high
humidity, it e important that the mica be kept
clean and free from oil and especially from finger
printo_and perspiration. 1 the mica dues acei
dentally pick up dirt or other foreign material, it
may be removed by n suitable wash with alcohol.

T w——— T I A e e
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Section 14
THEORY AND DESIGN

INTRODUCTION

1t in enaential in the rationnl practice of denign
of t+f coila and transformern, that the coil engineer
ponnean w full familiarity nith the busic tools of
anch donign — wamely, n thorngh knowledge of the
intecrelationships of wueh vl and circuit parame
etern an Q, bandwidth, inductance, capacitasce,
svurce and load impedances, ote, I i the purpone
of thin Section to develop n almple and applicable
net of wuch basic relationnhipn which should be
comn the everyday toolw of the vuil designer. Obe
viously, nny degree of acwdemic mophisticuti
be inteoduced in such a development, ranging from
an elemental preaentation of wly the aimplified
foenmlan ard step-by-atep examplen of their use,
to the precise mathemutical development of the
exact general equationn which have questionable
wtility in the peactical e of denign with which
we are cancerned here. Tha approach to be pre
seated will attempt to atraddle the udvantages of
both treatments, with referencan to nelected bibe
liogruphy for more complete nnalynin of the points
under dincussion.

It must be gnized 100, that It is impossib]

intice. Te like fushion, the oof circuit dealguer
must huve some hnowledge of the behavior, limie
tations, capabilitien, uwl varintions posnible fn his
wae of coila as coupling medin in his ciccuiin, Ace
cordingly, this Section will also present u reviow
of the e-f cloxs A woplifier with emphasin on thows
porametern of amplifier denign which came within
the coil designer’s nren of interest. A nunberof
examples will be used 1o illustrate how thens clre
cuit parameters are treated i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>